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1. General Information 

Unless otherwise noted, all the reactions for the preparation of the substrates were 

performed in oven-dried glassware under nitrogen atmosphere with freshly distilled 

solvents. The catalytic reactions were performed under nitrogen atmosphere. The 

solvents were purified by distillation from calcium hydride unless otherwise noted. All 

other commercial reagents were used without further purification unless otherwise 

indicated. 1H NMR and 13C NMR spectra were recorded on Bruker 400 MHz 

spectrometer (ADVNCE III) using chloroform-d (CDCl3) and dimethyl sulphoxide-d6 

(DMSO- d6) as the internal standard. Chemical shifts were reported in parts per million 

(ppm), and the residual solvent peak was used as an internal reference: proton 

(chloroform δ 7.26), carbon (chloroform δ 77.10) or tetramethylsilane (TMS δ 0.00) 

was used as a reference. Data are reported as follows: chemical shift, multiplicity (s = 

singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = broad), coupling 

constants (Hz) and integration. The enantiomeric excesses (e.e.) was determined by 

HPLC analysis on LC-20AD/T LPGE KIT using Daicel CHIRALPAK® column IA-3. 

X-ray diffraction analyses were carried out on a microcrystalline powder using a 

Rigaku Oxford Diffraction XtaLAB Synergy-S diffractometer using Cu radiation ( = 

1.54184 Å). If not specially mentioned, flash column chromatography was performed 

using 200-300 silica gel purchased from Yantai Chemicals (China). High-resolution 

mass spectra (HRMS) were recorded on a Bruker Apex IV FTMS mass spectrometer 

using ESI (electrospray ionization) as ionization method. Optical rotations were 

recorded on an AUTOPOL II digital polarimeter at 589 nm and are recorded as [α]D
T 

(concentration in grams/100 mL solvent). The 2-(1-alkynyl)-2-alken-1-ones [1-2] and 

ortho-quinone methides [3-4] were prepared according to the reported procedures. 
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2. Reaction Optimization 

Table S1. Investigation of chiral ligands 
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Entry Ligand Yieldb eec 

1 L1 trace -- 

2 L2 trace -- 

3 L3 NR -- 

4 L4 33% 21% 

5 L5 58% 7% 

6 L6 88% 57% 

7 L7 74% 75% 

8 L8 65% 60% 

9 L9 49% 29% 

10 L10 76% 77% 

11 L11 78% 85% 

12 L12 80% 93% 

13 L13 56% 27% 

14 L14 trace -- 

15 L15 48% 19% 

16 L16 65% 55% 

a Unless otherwise indicated, all reactions were performed with 1a (0.1 mmol) and 2a 

(0.13 mmol) in the presence of Me2SAuCl (5 mol%), ligand (7.5 mol%), AgNTf2 (5.5 

mol%) in DCE (1.0 mL) at room temperature under nitrogen atmosphere. b Isolated 

yield of product 3aa. c Determined by HPLC analysis.  

After optimization, L12 was selected for the next investigation. 

Table S2. Investigation of solvents and temperature 
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Entry Temperature Solvent Yieldb eec 

1 rt THF trace -- 

2 rt DCM 70% 93% 

3 rt toluene 35% 90% 

4 rt CHCl3 75% 92% 

5 rt MeCN trace -- 

6 10 oC DCE 75% 93% 

7 0 oC DCE 64% 93% 

8 -10 oC DCE 32% 94% 

Unless otherwise indicated, all reactions were performed with 1a (0.1 mmol) and 2a 

(0.13 mmol) in the presence of Me2SAuCl (5 mol%), L12 (7.5 mol%), AgNTf2 (5.5 

mol%) in solvent (1.0 mL) at room temperature or 10 ºC or 0 ºC or -10 ºC under nitrogen 

atmosphere. b Isolated yield of product 3aa. c Determined by HPLC analysis. 

After optimization, the reaction with DCE as solvent at room temperature showed the 

optimal result. 

Table S3. Investigation of silver salts 

 
Entry AgX Yield b ee c 

1 AgOTf 51%  92% 

2 AgNTf2 80% 93% 

3 AgBF4 43% 93% 

4 AgPF6 60% 93% 

5 AgSbF6 81% 92% 

a Unless otherwise indicated, all reactions were performed with 1a (0.1 mmol) and 2a 

(0.13 mmol) in the presence of Me2SAuCl (5 mol%), L12 (7.5 mol%), AgX (5.5 mol%) 

in DCE (1.0 mL) at room temperature under nitrogen atmosphere. b Isolated yield of 

product 3aa. c Determined by HPLC analysis.  
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After optimization, the reaction with AgNTf2 showed the best result. 

Table S4. Investigation of solvents and temperature 

 

Entry Temperature Solvent Yieldb eec 

1 rt DCE 75% 77% 

2 0 oC DCE 71% 80% 

3 -10 oC DCE 55% 82% 

4 -10 oC DCM 75% 86% 

5 -10 oC CHCl3 65% 88% 

6 -10 oC TCE 72% 86% 

7 -10 oC PhCl 80% 83% 

9 -10 oC PhF 74% 90% 

10 -10 oC PhCl2 72% 88% 

11 -20 oC PhF 76% 92% 

12 -30 oC PhF 66% 92% 

Unless otherwise indicated, all reactions were performed with 1a (0.1 mmol) and 2j 

(0.13 mmol) in the presence of Me2SAuCl (5 mol%), L12 (7.5 mol%), AgNTf2 (5.5 

mol%) in solvent (1.0 mL) under nitrogen atmosphere. b Isolated yield of product 3aj. 

c Determined by HPLC analysis. 

 

After optimization, the best reaction condition was with the PhF at -20oC, which was 

selected as the standard condition. 
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3. Representative procedure and data for the synthesis of 3  

 

General procedure 1: Under nitrogen atmosphere, a solution of L12 (7.5 mol%) and 

Me2SAuCl (5 mol%) in DCE (0.5 mL) was stirred at room temperature for 2 h, then the 

solvent was removed in vacuum. Next, AgNTf2 (5.5 mol%) and DCE (0.5 mL) was 

added to the residue, and the mixture was stirred at room temperature for 15 min. Then 

the precipitate was removed and the remaining solution was transferred into a solution 

of ketone substrate 1 (0.1 mmol, 1.0 equiv.) and ortho quinone methides 2 (0.13 mmol, 

1.3 equiv.) with 4 Å molecular sieves 300 mg in DCE (0.5 mL) at room temperature. 

Once the reaction was complete as indicated by TLC, the solvent was removed under 

reduced pressure, and the residue was purified by a silica gel column using ethyl 

acetate/ petroleum ether (1/60-1/4) as the eluent to give product 3. 

General procedure 2: Under nitrogen atmosphere, a solution of L12 (7.5 mol%) and 

Me2SAuCl (5 mol%) in DCE (0.5 mL) was stirred at room temperature for 2 h, then the 

solvent was removed in vacuum. Next, AgNTf2 (5.5 mol%) and PhF (0.5 mL) was 

added to the residue, and the mixture was stirred at room temperature for 15 min. Then 

the precipitate was removed and the remaining solution was transferred into a solution 

of ketone substrate 1 (0.1 mmol, 1.0 equiv.) and ortho quinone methides 2 (0.13 mmol, 

1.3 equiv.) with 4 Å molecular sieves 300 mg in PhF (0.5 mL) at -20 oC. Once the 

reaction was complete as indicated by TLC, the solvent was removed under reduced 

pressure, and the residue was purified by a silica gel column using ethyl acetate/ 

petroleum ether (1/40-1/4) as the eluent to give product 3.  

 



S9 

 

 

(6R,10S)-7-methyl-6,9-diphenyl-10-((E)-styryl)-6H,10H [1,3] dioxolo[4',5':4,5] 

benzo[1,2-b] furo[3,4-e] oxepine (3aa) 

According to general procedure 1: White solid, m.p. = 96-98 ℃, 40 mg; 80% yield;  

93% ee; [α]D
20.0  = -8.0 (0.1, CH2Cl2); [Daicel Chiralpak IA-3 (0.45 cm ×25 cm), n-

hexane/2-propanol = 97/3, v = 1.0 mL•min-1, λ = 254 nm, t (major) =9.3 min, t (minor) 

=7.4 min]; 1H NMR (400 MHz, CDCl3); δ
 1.81 (s, 3H), 4.67 (d, J = 5.9 Hz, 1H), 5.68 

(s, 1H), 5.77 (s, 2H), 6.34 (s, 1H), 6.49 (d, J = 15.9 Hz, 1H), 6.65 (s, 1H), 6.82 (dd, J = 

5.9, 15.9 Hz, 1H), 7.09 (d, J = 6.1 Hz, 2H), 7.17 (t, J = 7.2 Hz, 1H), 7.22-7.30 (m, 5H), 

7.32 (d, J = 7.5 Hz, 1H), 7.38 (d, J = 7.8 Hz, 2H), 7.44 (t, J = 7.5 Hz, 2H), 7.65 (d, J = 

8.0 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 12.8, 44.8, 78.7, 101.2, 107.2, 108.3, 119.9, 

120.4, 126.3, 126.5, 127.2, 127.3, 128.2, 128.5, 128.6, 128.8, 129.4, 129.5, 130.2, 131.3, 

132.2, 137.4, 138.9, 143.9, 146.3, 147.0, 147.1, 147.6; HRMS (ESI) m/z calcd. for 

C34H27O4 [M+H]+: 499.1904, found: 499.1901. 

 

 (6R,10S)-6,9-diphenyl-10-((E)-styryl)-7-(p-tolyl)-6H,10H-[1,3]dioxolo [4',5':4,5] 

benzo[1,2-b] furo [3,4-e] oxepine (3ba) 

According to general procedure 1: White solid, m.p. = 90-92 ℃, 45 mg; 88% yield;  

90% ee; [α]D
20.0  = -1.0 (0.1, CH2Cl2); [Daicel Chiralpak IA-3 (0.45 cm×25 cm), n-

hexane/2-propanol = 97/3, v = 1.0 mL•min-1, λ = 254 nm, t (major) =9.6 min, t (minor) 

=6.9 min]; 1H NMR (400 MHz, CDCl3) δ 1.80 (s, 3H), 2.39 (s, 3H), 4.64 (d, J = 5.8 Hz, 

1H), 5.68 (s, 1H), 5.77 (s, 2H), 6.33 (s, 1H), 6.48 (d, J = 15.9 Hz, 1H), 6.64 (s, 1H), 

6.82 (dd, J = 5.9, 15.9 Hz, 1H), 7.10 (d, J = 6.1 Hz, 2H), 7.17 (t, J = 7.3 Hz, 1H), 7.22-

7.29 (m, 7H), 7.38 (d, J = 7.6 Hz, 2H), 7.54 (d, J = 7.9 Hz, 2H); 13C NMR (100 MHz, 

CDCl3) δ 12.8, 21.4, 44.8, 78.8, 101.2, 107.2, 108.3, 119.8, 126.3, 126.5, 127.2, 128.1, 

128.2, 128.4, 128.5, 128.6, 129.4, 129.5, 129.6, 130.3, 132.4, 137.2, 137.5, 138.9, 143.9, 
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146.3, 146.7, 147.2, 147.7; HRMS (ESI) m/z calcd. for C35H29O4 [M+H]+: 513.2060, 

found: 513.2052. 

  

(6R,10S)-7-(4-fluorophenyl)-6,9-diphenyl-10-((E)-styryl)-6H,10H-[1,3]dioxolo 

[4',5':4,5] benzo[1,2-b] furo[3,4-e] oxepine (3ca) 

According to general procedure 1: White solid, m.p. = 100-102 ℃; 42 mg, 81% yield; 

92% ee; [α]D
20.0 = -15.9 (0.1, CH2Cl2); [Daicel Chiralpak IA-3 (0.45 cm ×25 cm), n-

hexane/2-propanol = 97/3, v = 1.0 mL•min-1, λ = 254 nm, t (major) =9.9 min, t (minor) 

=7.3 min]; 1H NMR (400 MHz, CDCl3) δ 1.80 (s, 3H), 4.58 (s, 1H), 5.68 (s, 1H), 5.78 

(s, 2H), 6.33 (s, 1H), 6.47 (d, J = 15.9 Hz, 1H), 6.64 (s, 1H), 6.80 (dd, J = 6.0, 15.9 Hz, 

1H), 7.07-7.21 (m, 5H), 7.23-7.32 (m, 5H), 7.38 (d, J = 7.5 Hz, 2H), 7.61 (dd, J = 5.4, 

8.6 Hz, 2H);13C NMR (100 MHz, CDCl3) δ 12.8, 44.9, 78.7, 101.2, 107.2, 108.2, 115.8 

(d, J = 21.6 Hz), 120.0, 120.1, 126.6, 127.3, 127.5 (d, J = 3.3 Hz), 128.1, 128.2, 128.5, 

128.7, 129.5, 129.6, 130.0, 132.1, 137.3, 138.8, 144.0, 146.2, 146.4, 147.1, 147.7, 162.2 

(d, J = 247.3 Hz); HRMS (ESI) m/z calcd. for C34H26FO4 [M+H]+:517.1810, found: 

517.1802. 

 

(6R,10S)-9-(4-chlorophenyl)-7-methyl-6-phenyl-10-((E)-styryl)-6H,10H- [1,3] 

Dioxolo [4',5':4,5] benzo[1,2-b] furo[3,4-e] oxepine (3da) 

According to general procedure 1: White solid, m.p. = 140-142 ℃; 33 mg, 62% yield; 

91% ee; [α]D
20.0  = 0.8 (0.1, CH2Cl2); [Daicel Chiralpak IA-3 (0.45 cm×25 cm), n-

hexane/2-propanol = 97/3, v = 1.0 mL•min-1, λ = 254 nm, t (major) =10.7 min, t (minor) 

=7.3 min]; 1H NMR (400 MHz, CDCl3) δ 1.81 (s, 3H), 4.59 (d, J = 5.3 Hz, 1H), 5.67 

(s, 1H), 5.79 (s, 2H), 6.33 (s, 1H), 6.46 (d, J = 15.8 Hz, 1H), 6.64 (s, 1H), 6.79 (dd, J = 

6.0, 15.9 Hz, 1H), 7.09 (d, J = 6.4 Hz, 2H), 7.19 (t, J = 7.2 Hz, 1H), 7.23-7.32 (m, 5H), 
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7.39 (dd, J = 8.1, 11.7 Hz, 4H), 7.58 (d, J = 8.5 Hz, 2H); 13C NMR (100 MHz, CDCl3) 

δ 12.9, 44.9, 78.7, 101.3, 107.2, 108.2, 120.2, 120.9, 126.6, 127.3, 127.5, 128.2, 128.5, 

128.7, 129.0, 129.5, 129.7, 129.8, 130.0, 131.9, 133.1, 137.3, 138.7, 144.0, 146.0, 146.4, 

147.5, 147.6; HRMS (ESI) m/z calcd. for C34H26ClO4 [M+H]+: 533.1514, found: 

533.1512. 

(6R,10S)-9-(4-bromophenyl)-7-methyl-6-phenyl-10-((E)-styryl)-6H,10H-[1,3] 

dioxolo [4',5':4,5] benzo[1,2-b] furo[3,4-e] oxepine (3ea) 

According to general procedure 1: Yellow solid, m.p. = 110-112 ℃; 50 mg, 86% yield; 

93% ee; [α]D
20.0  = -0.6 (0.1, CH2Cl2); [Daicel Chiralpak IA-3 (0.45 cm ×25 cm), n-

hexane/2-propanol = 97/3, v = 1.0 mL•min-1, λ = 254 nm, t (major) =11.7 min, t (minor) 

=7.8 min]; 1H NMR (400 MHz, CDCl3) δ 1.80 (s, 3H), 4.59 (d, J = 5.6 Hz, 1H), 5.67 

(s, 1H), 5.78 (s, 2H), 6.33 (s, 1H), 6.46 (d, J = 15.9 Hz, 1H), 6.64 (s, 1H), 6.79 (dd, J = 

6.0, 15.9 Hz, 1H), 7.08 (d, J = 6.3 Hz, 2H), 7.18 (t, J = 7.3 Hz, 1H), 7.22-7.31 (m, 5H), 

7.37 (d, J = 7.5 Hz, 2H), 7.48-7.58 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 12.9, 44.9, 

78.6, 101.2, 107.2, 108.2, 120.2, 121.0, 121.2, 126.5, 127.3, 127.7, 128.2, 128.5, 128.7, 

129.4, 129.7, 129.9, 130.1, 131.8, 131.9, 137.2, 138.7, 144.0, 146.0, 146.4, 147.5, 147.6; 

HRMS (ESI) m/z calcd. for C34H26BrO4 [M+H]+: 577.1009, found: 577.0999. 

 

(6R,10S)-7-methyl-6-phenyl-10-((E)-styryl)-9-(4-(trifluoromethyl)phenyl)-6H, 

10H- [1, 3] dioxolo [4',5':4,5] benzo[1,2-b] furo[3,4-e] oxepine (3fa) 

According to general procedure 1: White solid, m.p. = 96-98 ℃; 42 mg, 74% yield; 

94% ee; [α]D
20.0 = -13.1 (0.1, CH2Cl2); [Daicel Chiralpak IA-3 (0.45 cm ×25 cm), n-

hexane/2-propanol = 97/3, v = 1.0 mL•min-1, λ = 254 nm, t (major) =9.7 min, t (minor) 
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=6.7 min]; 1H NMR (400 MHz, CDCl3) δ 1.84 (s, 3H), 4.65 (d, J = 5.8 Hz, 1H), 5.68 

(s, 1H), 5.79 (s, 2H), 6.34 (s, 1H), 6.49 (d, J = 15.8 Hz, 1H), 6.65 (s, 1H), 6.81 (dd, J = 

6.0, 15.9 Hz, 1H), 7.09 (d, J = 6.4 Hz, 2H), 7.19 (t, J = 7.2 Hz, 1H), 7.24 -7.31 (m, 5H), 

7.38 (d, J = 7.5 Hz, 2H), 7.69 (d, J = 8.3 Hz, 2H), 7.76 (d, J = 8.3 Hz, 2H); 13C NMR 

(100 MHz, CDCl3) δ 12.9, 44.9, 78.6, 101.3, 107.2, 108.2, 120.5, 122.4, 125.8 (q, J = 

3.7 Hz), 126.1, 126.6, 127.4, 128.3, 128.6, 125.7 (q, J = 10.5 Hz), 128.8, 125.8 (q, J = 

323.8 Hz), 129.5, 129.8, 129.9, 131.6, 134.5, 137.2, 138.6, 144.1, 145.6, 146.5, 147.6, 

148.4; HRMS (ESI) m/z calcd. for C35H26F3O4 [M+H]+: 567.1777, found: 567.1772. 

 

(6R,10S)-7-methyl-9-(4-nitrophenyl)-6-phenyl-10-((E)-styryl)-6H,10H-[1,3] 

dioxolo [4',5':4,5] benzo[1,2-b] furo[3,4-e] oxepine (3ga) 

According to general procedure 1: Red solid, m.p. = 170-172 ℃; 38 mg, 70% yield; 

94% ee; [α]D
20.0  = -8.1 (0.1, CH2Cl2); [Daicel Chiralpak IA-3 (0.45 cm ×25 cm), n-

hexane/2-propanol = 95/5, v = 1.0 mL•min-1, λ = 254 nm, t (major) =17.5 min, t (minor) 

=10.9 min]; 1H NMR (400 MHz, CDCl3) δ 1.86 (s, 3H), 4.67 (d, J = 5.9 Hz, 1H), 5.68 

(s, 1H), 5.80 (s, 2H), 6.34 (s, 1H), 6.50 (d, J = 16.3 Hz, 1H), 6.66 (s, 1H), 6.80 (dd, J = 

5.9, 15.9 Hz, 1H), 7.07 (d, J = 6.4 Hz, 2H), 7.20 (t, J = 7.3 Hz, 1H), 7.24-7.31 (m, 5H), 

7.39 (d, J = 7.5 Hz, 2H), 7.80 (d, J = 8.9 Hz, 2H), 8.30 (d, J = 8.9 Hz, 2H); 13C NMR 

(100 MHz, CDCl3) δ 13.0, 45.1, 78.5, 101.3, 107.2, 108.2, 121.2, 124.3, 124.4, 126.0, 

126.6, 127.6, 128.3, 128.6, 128.9, 129.4, 129.5, 130.1, 131.1, 137.0, 137.1, 138.3, 144.2, 

144.9, 146.2, 146.6, 147.6, 149.6; HRMS (ESI) m/z calcd. for C34H26NO6 [M+H]+: 

544.1755, found: 544.1728. 

 

(6R,10S)-6,9-diphenyl-10-((E)-styryl)-7-(m-tolyl)-6H,10H- [1,3] dioxolo [4',5':4,5] 

benzo[1,2-b] furo[3,4-e] oxepine (3ha)  
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According to general procedure 1: White solid, m.p. = 88-90℃; 39 mg, 76% yield;  

90% ee; [α]D
20.0  = -8.8 (0.1, CH2Cl2); [Daicel Chiralpak IA-3 (0.45 cm×25 cm), n-

hexane/2-propanol = 97/3, v = 1.0 mL•min-1, λ = 254 nm, t (major) =7.6 min, t (minor) 

=6.9 min]; 1H NMR (400 MHz, CDCl3) δ 1.80 (s, 3H), 2.41 (s, 3H), 4.65 (d, J = 6.0 Hz, 

1H), 5.68 (s, 1H), 5.76 (s, 2H), 6.34 (s, 1H), 6.50 (d, J = 15.9 Hz, 1H), 6.65 (s, 1H), 

6.85 (dd, J = 6.2, 15.9 Hz, 1H), 7.09 (d, J = 6.1 Hz, 2H), 7.16 (dd, J =7.6, 15.8 Hz, 2H), 

7.22-7.31 (m, 5H), 7.34 (d, J = 7.7 Hz, 1H), 7.39 (d, J = 7.6 Hz, 2H), 7.45 (d, J = 7.6 

Hz, 1H), 7.50 (s, 1H); 13C NMR (100 MHz, CDCl3) δ 12.8, 21.7, 45.0, 78.7, 101.2, 

107.1, 108.2, 119.9, 120.4, 123.5, 126.5, 127.1, 127.2, 128.2, 128.4, 128.4, 128.5, 128.6, 

129.5, 129.6, 130.3, 131.2, 132.3, 137.5, 138.3, 138.9, 144.0, 146.3, 147.0, 147.1, 147.2, 

147.6; HRMS (ESI) m/z calcd. for C35H29O4 [M+H]+: 513.2060, found: 513.2056.  

 

(6R,10S)-9-(3-fluorophenyl)-7-methyl-6-phenyl-10-((E)-styryl)-6H,10H-[1,3] 

dioxolo[4',5':4,5] benzo[1,2-b]furo[3,4-e]oxepine (3ia) 

According to general procedure 1: White solid, m.p. = 84-86 ℃; 35 mg, 68% yield;  

93% ee; [α]D
20.0  = 1.6 (0.1, CH2Cl2); [Daicel Chiralpak IA-3 (0.45 cm ×25 cm), n-

hexane/2-propanol = 97/3, v = 1.0 mL•min-1, λ = 254 nm, t (major) =9.1 min, t (minor) 

=7.8 min]; 1H NMR (400 MHz, CDCl3) δ 1.82 (s, 3H), 4.65 (d, J = 5.9 Hz, 1H), 5.68 

(s, 1H), 5.78 (s, 2H), 6.33 (s, 1H), 6.49 (d, J = 15.9 Hz, 1H), 6.66 (s, 1H), 6.80 (dd, J = 

6.0, 15.9 Hz, 1H), 6.97-7.04 (m, 1H), 7.08 (d, J = 6.3 Hz, 2H), 7.18 (t, J = 7.3 Hz, 1H), 

7.23-7.29 (m, 5H), 7.35-7.45 (m, 5H); 13C NMR (100 MHz, CDCl3) δ 12.8, 44.9, 78.6, 

101.2, 107.2, 108.3, 113.0 (d, J = 23.1 Hz), 114.1 (d, J = 21.2 Hz), 120.3, 121.4, 121.7, 

121.8, 126.6, 127.3, 128.2, 128.5, 128.7, 129.5, 129.7, 129.9, 130.3 (d, J = 8.5 Hz), 

131.8, 133.2 (d, J = 8.6 Hz), 137.3, 138.7, 144.0, 145.8 (d, J = 2.6 Hz), 146.4, 147.7 (d, 

J = 5.3 Hz), 163.1 (d, J = 245.4 Hz); HRMS (ESI) m/z calcd. for C34H26FO4 [M+H]+: 

517.1810, found: 517.1807.  
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(6R,10S)-7-(3-chlorophenyl)-6,9-diphenyl-10-((E)-styryl)-6H,10H-[1,3]dioxolo 

[4',5':4,5] benzo[1,2-b] furo[3,4-e] oxepine (3ja) 

According to general procedure 1: White solid, m.p. = 98-100 ℃; 42 mg, 79% yield; 

93% ee; [α]D
20.0 = -12.1 (0.1, CH2Cl2); [Daicel Chiralpak IA-3 (0.45 cm×25 cm), n-

hexane/2-propanol = 97/3, v = 1.0 mL•min-1, λ = 254 nm, t (major) =8.3 min, t (minor) 

=7.7 min]; 1H NMR (400 MHz, CDCl3) δ 1.81 (s, 3H), 4.61 (d, J = 6.0 Hz, 1H), 5.67 

(s, 1H), 5.78 (s, 2H), 6.34 (s, 1H), 6.51 (d, J = 15.9 Hz, 1H), 6.65 (s, 1H), 6.83 (dd, J = 

6.4, 15.9 Hz, 1H), 7.08 (d, J = 6.5 Hz, 2H), 7.18 (t, J = 7.3 Hz, 1H), 7.23-7.31 (m, 6H), 

7.35 (d, J = 7.8 Hz, 1H), 7.39 (d, J = 7.9 Hz, 2H), 7.52 (d, J = 7.7 Hz, 1H), 7.68 (t, J = 

1.8 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 12.8, 45.1, 78.6, 101.3, 107.2, 108.2, 120.3, 

121.6, 124.2, 126.3, 126.6, 127.2, 127.3, 128.2, 128.5, 128.7, 129.5, 129.8, 129.9, 130.0, 

131.8, 132.9, 134.8, 137.3, 138.7, 144.1, 145.6, 146.4, 147.6, 147.8; HRMS (ESI) m/z 

calcd. for C34H26ClO4 [M+H]+: 533.1514, found: 533.1511.  

 

(6R,10S)-9-(3-bromophenyl)-7-methyl-6-phenyl-10-((E)-styryl)-6H,10H- [1,3] 

dioxolo [4',5':4,5] benzo[1,2-b] furo[3,4-e] oxepine (3ka) 

According to general procedure 1: Yellow solid, m.p. = 84-86 ℃; 36 mg, 62% yield; 

93% ee; [α]D
20.0 = -3.5 (0.1, CH2Cl2); [Daicel Chiralpak IA-3 (0.45 cm ×25 cm), n-

hexane/2-propanol = 97/3, v = 1.0 mL•min-1, λ = 254 nm, t (major) =8.5 min, t (minor) 

=8.1 min]; 1H NMR (400 MHz, CDCl3) δ 1.82 (s, 3H), 4.59 (d, J = 6.4 Hz, 1H), 5.67 

(s, 1H), 5.79 (s, 2H), 6.34 (s, 1H), 6.52 (d, J = 15.9 Hz, 1H), 6.65 (s, 1H), 6.84 (dd, J = 

6.5, 15.9 Hz, 1H), 7.08 (d, J = 6.5 Hz, 2H), 7.19 (t, J = 7.3 Hz, 1H), 7.23-7.33 (m, 6H), 

7.40 (d, J = 7.6 Hz, 2H), 7.44 (d, J = 7.8 Hz, 1H), 7.56 (d, J = 7.8 Hz, 1H), 7.84 (s, 1H); 

13C NMR (100 MHz, CDCl3) δ 12.8, 45.1, 78.7, 101.3, 107.2, 108.2, 120.2, 121.7, 122.9, 
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124.6, 126.6, 127.3, 128.2, 128.5, 128.8, 129.2, 129.5, 129.9, 130.0, 130.1, 130.3, 131.7, 

133.2, 137.3, 138.7, 144.1, 145.4, 146.4, 147.5, 147.8; HRMS (ESI) m/z calcd. for 

C34H26BrO4 [M+H]+: 577.1009, found: 577.1014.  

 

(6R,10S)-9-(2-fluorophenyl)-7-methyl-6-phenyl-10-((E)-styryl)-6H,10H-[1,3] 

dioxolo [4',5':4,5] benzo[1,2-b]furo[3,4-e]oxepine (3la) 

According to general procedure 1: White solid, m.p. = 80-82 ℃; 34 mg, 65% yield;  

92% ee; [α]D
20.0  = -5.8 (0.1, CH2Cl2); [Daicel Chiralpak IA-3 (0.45 cm×25 cm), n-

hexane/2-propanol = 97/3, v = 1.0 mL•min-1, λ = 254 nm, t (major) =11.3 min, t (minor) 

=7.8 min]; 1H NMR (400 MHz, CDCl3) δ 1.79 (s, 3H), 4.51 (d, J = 6.3 Hz, 1H), 5.74 

(s, 1H), 5.80 (s, 2H), 6.30 (s, 1H), 6.32 (d, J = 15.8 Hz, 1H), 6.67 (s, 1H), 6.79 (dd, J = 

6.4, 15.8 Hz, 1H), 7.09 -7.21 (m, 4H), 7.21-7.26 (m, 2H), 7.26-7.30 (m, 3H), 7.30-7.39 

(m, 4H), 7.54 (t, J = 7.6 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 12.9, 44.4, 78.5, 101.2, 

107.0, 108.2, 116.3 (d, J = 22.0 Hz), 119.2 (d, J = 14.3 Hz), 119.4, 123.1, 124.3 (d, J = 

3.0 Hz), 126.5, 127.1, 128.2, 128.4, 128.7, 129.3, 129.4, 129.9 (d, J = 8.3 Hz), 130.0, 

130.8 (d, J = 3.0 Hz), 132.5, 137.5, 138.9, 141.7, 143.9, 146.3, 147.7, 148.2, 159.6 (d, 

J = 249.7 Hz); HRMS (ESI) m/z calcd. for C34H26FO4 [M+H]+: 517.1810, found: 

517.1808.  

 

(6R,10S)-9-(2-chlorophenyl)-7-methyl-6-phenyl-10-((E)-styryl)-6H,10H-[1,3] 

dioxolo [4',5':4,5] benzo[1,2-b] furo[3,4-e] oxepine (3ma) 

According to general procedure 1: White solid, m.p. = 106-108 ℃; 28 mg, 52% yield; 

90% ee; [α]D
20.0 = -6.7 (0.1, CH2Cl2); [Daicel Chiralpak IA-3 (0.45 cm ×25 cm), n-

hexane/2-propanol = 97/3, v = 1.0 mL•min-1, λ = 254 nm, t (major) =13.3 min, t (minor) 

=7.8 min]; 1H NMR (400 MHz, CDCl3) δ 1.82 (s, 3H), 4.41 (d, J = 6.9 Hz, 1H), 5.75-

5.84 (m, 3H), 6.22 (d, J = 15.8 Hz, 1H), 6.34 (s, 1H), 6.66 (s, 1H), 6.70 (dd, J = 6.9, 
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15.8 Hz, 1H), 7.15 (t, J = 6.0 Hz, 3H), 7.19-7.31 (m, 7H), 7.32-7.39 (m, 2H), 7.45-7.53 

(m, 2H); 13C NMR (100 MHz, CDCl3) δ 12.7, 44.4, 78.6, 101.2, 107.0, 108.2, 118.9, 

122.7, 126.4, 126.7, 127.1, 128.3, 128.4, 128.7, 129.2, 129.3, 129.9, 130.1, 130.2, 130.3, 

132.3, 132.4, 134.7, 137.5, 139.0, 143.9, 144.3, 146.3, 147.4, 147.9; HRMS (ESI) m/z 

calcd. for C34H26ClO4 [M+H]+: 533.1514, found: 533.1504. 

 

(6R,10S)-7-methyl-9-(naphthalen-2-yl)-6-phenyl-10-((E)-styryl)-6H,10H- [1,3] 

dioxolo[4',5':4,5] benzo[1,2-b]furo[3,4-e]oxepine (3na) 

According to general procedure 1: White solid, m.p. = 118-120 ℃; 52 mg, 95% yield; 

93% ee; [α]D
20.0  = -6.8 (0.1, CH2Cl2); [Daicel Chiralpak IA-3 (0.45 cm×25 cm), n-

hexane/2-propanol = 90/10, v = 1.0 mL•min-1, λ = 254 nm, t (major) =6.8 min, t (minor) 

=5.8 min]; 1H NMR (400 MHz, CDCl3) δ 1.85 (s, 3H), 4.75 (d, J = 6.1 Hz, 1H), 5.69 

(s, 1H), 5.77 (s, 2H), 6.38 (s, 1H), 6.60 (d, J = 16.0 Hz, 1H), 6.63 (s, 1H), 6.92 (dd, J = 

6.3, 16.0 Hz, 1H), 7.12 (d, J = 6.0 Hz, 2H), 7.19 (t, J = 7.3 Hz, 1H), 7.23-7.33 (m, 5H), 

7.43 (d, J = 7.5 Hz, 2H), 7.46-7.52 (m, 2H), 7.81 (dd, J = 1.7 Hz, 8.6, 1H), 7.83-7.88 

(m, 2H), 7.91 (d, J = 8.6 Hz, 1H), 8.11 (s, 1H); 13C NMR (100 MHz, CDCl3) δ 12.9, 

45.2, 78.8, 101.2, 107.2, 108.2, 120.1, 121.0, 124.6, 125.1, 126.1, 126.4, 126.5, 126.6, 

127.3, 127.8, 128.2, 128.3, 128.4, 128.5, 128.7, 129.5, 129.8, 130.3, 132.3, 132.6, 133.5, 

137.5, 138.8, 144.0, 146.3, 147.1, 147.4, 147.6; HRMS (ESI) m/z calcd. for C38H29O4 

[M+H]+: 549.2060, found: 549.2051. 

 

(6R,10S)-7-methyl-6-phenyl-10-((E)-styryl)-9-(thiophen-3-yl)-6H,10H-[1,3] 

dioxolo [4',5':4,5] benzo[1,2-b] furo[3,4-e] oxepine (3oa)  

According to general procedure 1: White solid, m.p. = 110-112 ℃; 46 mg, 91% yield; 

90% ee; [α]D
20.0 = -20.6 (0.1, CH2Cl2); [Daicel Chiralpak IA-3 (0.45 cm×25 cm), n-
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hexane/2-propanol = 97/3, v = 1.0 mL•min-1, λ = 254 nm, t (major) =14.5 min, t (minor) 

=9.1 min]; 1H NMR (400 MHz, CDCl3) δ 1.82 (s, 3H), 4.66 (d, J = 6.0 Hz, 1H), 5.68 

(s, 1H), 5.78 (s, 2H), 6.33 (s, 1H), 6.46 (d, J = 15.9 Hz, 1H), 6.67 (s, 1H), 6.77 (dd, J = 

6.1, 15.9 Hz, 1H), 7.08 (d, J = 6.2 Hz, 2H), 7.16 (t, J = 7.3 Hz, 1H), 7.22-7.29 (m, 5H), 

7.34-7.41 (m, 3H), 7.43 (d, J = 5.0, 1H), 7.47 (d, J = 3.0 Hz, 1H); 13C NMR (100 MHz, 

CDCl3) δ 12.7, 44.9, 78.6, 100.0, 101.2, 107.2, 108.3, 119.7, 119.8, 120.2, 126.0, 126.1, 

126.5, 127.2, 128.2, 128.5, 128.7, 129.4, 129.5, 130.0, 132.0, 132.2, 137.3, 138.8, 143.9, 

144.0, 146.3, 147.7; HRMS (ESI) m/z calcd. for C32H25O4S [M+H]+: 505.1468, found: 

505.1466.  

 

(6R,10S)-9-cyclopropyl-7-methyl-6-phenyl-10-((E)-styryl)-6H,10H- [1,3] dioxolo 

[4',5':4,5] benzo[1,2-b] furo[3,4-e] oxepine (3pa) 

According to general procedure 1: White solid, m.p. = 82-84 ℃; 34 mg, 73% yield;  

86% ee; [α]D
20.0 = 12.1 (0.1, CH2Cl2); [Daicel Chiralpak IA-3 (0.45 cm× 25 cm), n-

hexane/2-propanol = 97/3, v = 1.0 mL•min-1, λ = 254 nm, t (major) =12.3 min, t (minor) 

=7.8 min]; 1H NMR (400 MHz, CDCl3) δ 0.84-0.94 (m, 4H), 1.68 (s, 3H), 1.88-1.97 

(m, 1H), 4.54 (d, J = 7.2 Hz, 1H), 5.73 (s, 1H), 5.79 (s, 1H), 5.80 (s, 1H), 6.24 (s, 1H), 

6.39 (d, J = 15.8 Hz, 1H), 6.73 (s, 1H), 6.77 (J = 6.3, 15.9 Hz, 1H), 7.08 (d, J = 6.0 Hz, 

2H), 7.16 (t, J = 7.3 Hz, 1H), 7.20-7.28 (m, 5H), 7.35 (d, J = 7.4 Hz, 2H); 13C NMR 

(100 MHz, CDCl3) δ 6.0, 6.1, 7.2, 12.5, 44.7, 78.7, 101.2, 107.2, 108.2, 118.5, 119.3, 

126.4, 127.1, 128.1, 128.4, 128.5, 128.6, 129.4, 130.2, 132.6, 137.6, 139.1, 143.9, 144.1, 

146.2, 147.9, 148.4; HRMS (ESI) m/z calcd. for C31H27O4 [M+H]+: 463.1904, found: 

463.1901. 

 

(6R,10S)-7-methyl-9-phenyl-10-((E)-styryl)-6-(p-tolyl)-6H,10H [1,3] dioxolo 
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[4',5':4,5] benzo [1,2-b] furo[3,4-e] oxepine (3qa) 

According to general procedure 1: White solid, m.p. = 90-92 ℃; 40 mg, 78% yield; 

90% ee; [α]D
20.0 = -12.2 (0.1, CH2Cl2); [Daicel Chiralpak IA-3 (0.45 cm × 25 cm), n-

hexane/2-propanol = 97/3, v = 1.0 mL•min-1, λ = 254 nm, t (major) =9.6 min, t (minor) 

=8.0 min]; 1H NMR (400 MHz, CDCl3) δ 1.80 (s, 3H), 2.32 (s, 3H), 4.66 (d, J = 5.7 Hz, 

1H), 5.71 (s, 1H), 5.77 (s, 1H), 5.78 (s, 1H), 6.30 (s, 1H), 6.48 (d, J = 15.9 Hz, 1H), 

6.64 (s, 1H), 6.82 (d, J = 5.7 Hz, 15.9 Hz, 1H), 6.97 (d, J = 7.2 Hz, 2H), 7.05 (d, J = 

7.8 Hz, 2H), 7.16 (t, J = 7.3 Hz, 1H), 7.22-7.28 (m, 2H), 7.31 (d, J = 7.5 Hz, 1H), 7.38 

(d, J = 7.7 Hz, 2H), 7.43 (t, J = 7.6 Hz, 2H), 7.65 (d, J = 7.7 Hz, 2H); 13C NMR (100 

MHz, CDCl3) δ 12.9, 21.3, 44.8, 78.5, 101.2, 107.3, 108.2, 120.1, 120.4, 126.3, 126.5, 

127.2, 127.3, 128.5, 128.7, 128.9, 129.4, 129.5, 130.3, 131.3, 132.2, 135.9, 137.5, 138.3, 

143.9, 146.3, 146.9, 147.1, 147.7; HRMS (ESI) m/z calcd. for C35H29O4 [M+H]+: 

513.2060, found: 513.2055. 

 

(6R,10S)-6-(4-fluorophenyl)-7-methyl-9-phenyl-10-((E)-styryl)-6H,10H- [1,3] 

dioxolo [4',5':4,5] benzo[1,2-b] furo[3,4-e] oxepine (3ra) 

According to general procedure 1: White solid, m.p. = 80-82 ℃; 49 mg, 95% yield; 

90% ee; [α]D
20.0 = -12.2 (0.1, CH2Cl2); [Daicel Chiralpak IA-3 (0.45 cm × 25 cm), n-

hexane/2-propanol = 97/3, v = 1.0 mL•min-1, λ = 254 nm, t (major) =12.7 min, t (minor) 

=9.0 min]; 1H NMR (400 MHz, CDCl3) δ 1.82 (s, 3H), 4.66 (d, J = 5.8 Hz, 1H), 5.68 

(s, 1H), 5.79 (s, 2H), 6.32 (s, 1H), 6.48 (d, J = 15.9 Hz, 1H), 6.65 (s, 1H), 6.80 (dd, J = 

5.9, 15.9 Hz, 1H), 6.95 (t, J = 8.5 Hz, 2H), 7.07 (t, J = 6.5 Hz, 2H), 7.17 (t, J = 7.3 Hz, 

1H), 7.22-7.29 (m, 2H), 7.32 (t, J = 7.4 Hz, 1H), 7.38 (d, J = 7.6 Hz, 2H), 7.44 (t, J = 

7.6 Hz, 2H), 7.65 (d, J = 7.7 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 12.8, 44.7, 77.9, 

101.3, 107.1, 108.3, 115.1 (d, J = 21.4 Hz), 119.9, 120.2, 126.3, 126.5, 127.3 (d, J = 

13.3 Hz), 128.5, 128.8, 129.6, 130.3, 131.1, 131.2, 131.3, 132.1, 135.0 (d, J = 3.2 Hz), 
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137.4, 144.1, 146.4, 147.0, 147.1, 147.4, 162.8 (d, J = 247.7 Hz); HRMS (ESI) m/z 

calcd. for C34H26FO4 [M+H]+: 517.1810, found: 517.1806. 

 

(6R,10S)-7-methyl-9-phenyl-10-((E)-styryl)-6-(m-tolyl)-6H,10H-[1,3]dioxolo 

[4',5':4,5] benzo[1,2-b] furo[3,4-e] oxepine (3sa) 

According to general procedure 1: White solid, m.p. = 92-94 ℃; 30 mg, 59% yield;  

90% ee; [α]D
20.0 = -18.9 (0.1, CH2Cl2); [Daicel Chiralpak IA-3 (0.45 cm×25 cm), n-

hexane/2-propanol = 95/5, v = 1.0 mL•min-1, λ = 254 nm, t (major) =7.1 min, t (minor) 

=5.9 min]; 1H NMR (400 MHz, CDCl3) δ 1.82 (s, 3H), 2.29 (s, 3H), 4.67 (d, J = 5.9 Hz, 

1H), 5.70 (s, 1H), 5.78 (s, 2H), 6.29 (s, 1H), 6.48 (d, J = 15.8 Hz, 1H), 6.65 (s, 1H), 

6.86-6.79 (m, 2H), 6.96 (s, 1H), 7.07-7.22 (m, 3H), 7.26 (t, J = 8.3 Hz, 2H) 7.31 (t, J = 

7.5 Hz, 1H), 7.38 (d, J = 7.7 Hz, 2H), 7.44 (t, J = 7.6 Hz, 2H), 7.66 (d, J = 7.8 Hz, 2H); 

13C NMR (100 MHz, CDCl3) δ 12.9, 21.5, 44.8, 78.8, 101.2, 107.2, 108.3, 120.0, 120.4, 

126.3, 126.5, 126.6, 127.2, 127.3, 128.0, 128.5, 128.8, 129.4, 129.5, 130.1, 130.2, 131.3, 

132.3, 137.5, 137.7, 138.8, 143.9, 146.3, 146.9, 147.2, 147.8; HRMS (ESI) m/z calcd. 

for C35H29O4 [M+H]+: 513.2060, found: 513.2056. 

 

(6R,10S)-9-(4-chlorophenyl)-6,7-diphenyl-10-((E)-styryl)-6H,10H- [1,3] 

dioxolo [4',5':4,5] benzo[1,2-b] furo[3,4-e] oxepine (3ta) 

According to general procedure 1: White solid, m.p. = 230-232 ℃; 45 mg, 75% yield; 

93% ee; [α]D
20.0 = -25.8 (0.1, CH2Cl2); [Daicel Chiralpak IA-3 (0.45 cm×25 cm), n-

hexane/2-propanol = 95/5, v = 1.0 mL•min-1, λ = 254 nm, t (major) =10.5 min, t (minor) 

=7.7 min]; 1H NMR (400 MHz, CDCl3) δ 4.69 (d, J = 5.9 Hz, 1H), 5.69 (s, 1H), 5.75 

(s, 1H), 5.76 (s, 1H), 6.45 (d, J = 15.9 Hz, 1H), 6.66 (s, 1H), 6.71 (s, 1H), 6.78 (dd, J = 

6.0, 15.9 Hz, 1H), 7.09-7.22 (m, 9H), 7.22 -7.29 (m, 2H), 7.37 (dd, J = 2.4, 8.2 Hz, 4H), 
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7.46 (d, J = 8.5 Hz, 2H), 7.73 (d, J = 8.5 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 44.9, 

79.3, 101.2, 107.1, 107.9, 122.0, 122.2, 125.5, 126.6, 127.3, 127.4, 128.0, 128.3, 128.4, 

128.5, 128.7, 129.1, 129.4, 129.5, 129.6, 129.7, 130.4, 132.1, 133.7, 137.2, 138.5, 144.1, 

146.5, 147.2, 147.4, 148.2; HRMS (ESI) m/z calcd. for C39H28ClO4 [M+H]+: 595.1671, 

found: 595.1666. 

 

4-((6R,10S)-7-methyl-6-phenyl-10-((E)-styryl)-6H,10H-[1,3]dioxolo[4',5':4,5] 

benzo[1,2-b]furo[3,4-e]oxepin-9-yl)phenyl4-(N,N-dipropylsulfamoyl)benzoate 

(3ua) 

According to general procedure 1: White solid, m.p. = 108-110 ℃; 61 mg, 78% yield; 

94% ee; [α]D
20.0 = 11.8 (0.1, CH2Cl2); [Daicel Chiralpak IA-3 (0.45 cm ×25 cm), n-

hexane/2-propanol = 80/20, v = 1.0 mL•min-1, λ = 254 nm, t (major) =16.6 min, t (minor) 

=13.1 min]; 1H NMR (400 MHz, CDCl3) δ 0.89 (t, J = 7.4 Hz, 6H), 1.56-1.61 (m, 4H), 

1.83 (s, 3H), 3.14 (t, J = 7.4 Hz, 4H), 4.65 (d, J = 5.9 Hz, 1H), 5.68 (s, 1H), 5.80 (s, 

2H), 6.35 (s, 1H), 6.50 (d, J = 15.9 Hz, 1H), 6.68 (s, 1H), 6.82 (dd, J = 5.9, 15.9 Hz, 

1H), 7.10 (d, J = 6.8 Hz, 2H), 7.18 (t, J = 7.3 Hz, 1H), 7.25-7.33 (m, 7H), 7.39 (d, J = 

7.7 Hz, 2H), 7.73 (d, J = 8.3 Hz, 2H), 7.96 (d, J = 8.1 Hz, 2H), 8.35 (d, J = 8.1 Hz, 2H); 

13C NMR (100 MHz, CDCl3) δ 11.3, 12.9, 22.0, 44.8, 50.0, 78.7, 101.2, 107.2, 108.2, 

120.1, 120.7, 121.9, 126.5, 127.2, 127.3, 127.5, 128.2, 128.5, 128.7, 129.5, 129.6, 130.0, 

130.9, 132.0, 132.2, 132.8, 137.3, 138.7, 144.0, 145.1, 146.2, 146.4, 147.4, 147.6, 149.7, 

164.0; HRMS (ESI) m/z calcd. for C47H44NO8S [M+H]+: 782.2782, found: 782.2789. 

 

 

4-((6R,10S)-7-methyl-6-phenyl-10-((E)-styryl)-6H,10H [1,3] dioxolo[4',5':4,5] 

benzo[1,2-b] furo [3,4-e] oxepin-9-yl) phenyl-(R)-4-((3R,5R,8R,9S,10S,13R,14S, 

17R)-3-acetoxy-10,13-dimethylhexadecahydro-1H-cyclopenta[a]phenanthren-17-
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yl) pentanoate (3va) 

According to general procedure 1: White solid, m.p. = 122-124 ℃; 60 mg, 66% yield; 

93% ee; [α]D
20.0  = 14.3 (0.1, CH2Cl2); [Daicel Chiralpak IA-3 (0.45 cm×25 cm), n-

hexane/2-propanol = 90/10, v = 1.0 mL•min-1, λ = 254 nm, t (major) =14.5 min, t (minor) 

=9.2 min]; 1H NMR (400 MHz, CDCl3) δ 0.68 (s, 3H), 0.93 (s, 3H), 1.00 (d, J = 6.1 Hz, 

3H), 1.05-1.20 (m, 5H), 1.21-1.36 (m, 5H), 1.34-1.52 (m, 8H), 1.69 (d, J = 10.1 Hz, 

2H), 1.81 (s, 3H), 1.82-2.01 (m, 6H), 2.03 (s, 3H), 2.46-2.55 (m, 1H), 2.59-2.68 (m, 

1H), 4.62 (d, J = 6.0 Hz, 1H), 4.71-4.73 (m, 1H), 5.67 (s, 1H), 5.79 (s, 2H), 6.33 (s, 

1H), 6.48 (d, J = 15.8 Hz, 1H), 6.66 (s, 1H), 6.81 (dd, J = 6.8, 15.9 Hz, 1H), 7.09 (d, J 

= 6.8 Hz, 2H), 7.14-7.21 (m, 3H), 7.23-7.30 (m, 5H), 7.38 (d, J = 7.6 Hz, 2H), 7.65 (d, 

J = 8.5 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 12.2, 12.8, 18.4, 20.9, 21.6, 23.4, 24.3, 

26.4, 26.7, 27.1, 28.4, 31.1, 31.6, 32.4, 34.7, 35.1, 35.5, 35.9, 40.3, 40.5, 42.0, 42.9, 

44.8, 56.1, 56.6, 74.5, 78.7, 101.2, 107.2, 108.2, 120.0, 120.4, 121.9, 126.5, 127.3, 

127.4, 128.2, 128.5, 128.7, 128.9, 129.5, 129.6, 130.1, 132.1, 137.3, 138.8, 144.0, 146.3, 

146.4, 147.2, 147.6, 149.9, 170.7, 172.8; HRMS (ESI) m/z calcd. for C60H67O8 [M+H]+: 

915.4831, found: 915.4827. 

 

 

(8R,9S,13S,14S)-13-methyl-1-((6R,10S)-7-methyl-6-phenyl-10-((E)-styryl)-

6H,10H-[1,3] dioxolo[4',5':4,5]benzo[1,2-b]furo[3,4-e]oxepin-9-yl)-6,7,8, 

9,11,12,13,14,15,16-dwecahydro-17H-cyclopenta[a]phenanthren-17-one (3wa) 

According to general procedure 1: White solid, m.p. = 258-260 ℃; 55 mg, 82% yield; 

89% ee; [α]D
20.0  = 54.3 (0.1, CH2Cl2); [Daicel Chiralpak IA-3 (0.45 cm×25 cm), n-

hexane/2-propanol = 95/5, v = 1.0 mL•min-1, λ = 254 nm, t (major) =12.1 min, t (minor) 

=10.5 min]; 1H NMR (400 MHz, CDCl3) δ 0.93 (s, 3H), 1.44-1.59 (m, 4H), 1.61-1.69 

(m, 2H), 1.80 (s, 3H), 1.97-2.11 (m, 3H), 2.17 (t, J = 8.9 Hz, 1H), 2.31-2.40 (m, 1H), 

2..42-2.56 (m, 2H), 2.88-3.10 (m, 2H), 4.65 (d, J = 6.0 Hz, 1H), 5.68 (s, 1H), 5.77 (s, 

2H), 6.34 (s, 1H), 6.50 (d, J = 15.9 Hz, 1H), 6.64 (s, 1H), 6.85 (dd, J = 6.3, 15.9 Hz, 
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1H), 7.09 (d, J = 6.3 Hz, 2H), 7.17 (t, J = 7.3 Hz, 1H) 7.26 (t, J = 7.2 Hz, 5H), 7.37 (t, 

J = 8.7 Hz, 3H), 7.40-7.46 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 12.8, 13.9, 21.7, 

25.8, 26.6, 29.5, 31.7, 35.9, 38.2, 44.5, 45.0, 48.0, 50.6, 78.7, 101.2, 107.1, 108.2, 119.8, 

120.0, 123.8, 125.7, 126.5, 126.9, 127.2, 128.1, 128.5, 128.6, 128.9, 129.4, 129.5, 130.3, 

132.4, 136.8, 137.4, 138.9, 139.0, 143.9, 146.2, 146.8, 147.0, 147.6, 220.8; HRMS (ESI) 

m/z calcd. for C46H43O5 [M+H]+: 675.3105, found: 675.3114. 

 

(6R,10S)-9-(3-chlorophenyl)-7-methyl-10-((E)-4-methylstyryl)-6-phenyl-6H,10H-

[1,3] dioxolo[4',5':4,5]benzo[1,2-b]furo[3,4-e]oxepine (3jb) 

According to general procedure 1: White solid, m.p. = 190-192 ℃; 41 mg, 75% yield; 

90% ee; [α]D
20.0  = -3.5 (0.1, CH2Cl2); [Daicel Chiralpak IA-3 (0.45 cm×25 cm), n-

hexane/2-propanol = 98/2, v = 1.0 mL•min-1, λ = 254 nm, t (major) =11.1 min, t (minor) 

=11.6 min]; 1H NMR (400 MHz, CDCl3) δ 1.81 (s, 3H), 2.30 (s, 3H), 4.59 (d, J = 6.3 

Hz, 1H), 5.67 (s, 1H), 5.78 (s, 2H), 6.34 (s, 1H), 6.48 (d, J = 15.9 Hz, 1H), 6.65 (s, 1H), 

6.77 (dd, J = 6.5, 15.9 Hz, 1H), 7.08 (d, J = 7.6 Hz, 4H), 7.23-7.31 (m, 6H), 7.35 (t, J 

= 7.9 Hz, 1H), 7.52 (d, J = 7.6 Hz, 1H), 7.68 (s, 1H); 13C NMR (100 MHz, CDCl3) δ 

12.8, 21.2, 45.1, 78.6, 101.2, 107.1, 108.2, 120.3, 121.7, 124.2, 126.3, 126.5, 127.2, 

128.2, 128.7, 129.2, 129.4, 129.7, 130.0, 130.1, 130.7, 132.9, 134.5, 134.7, 137.1, 138.7, 

144.0, 145.5, 146.4, 147.5, 147.7; HRMS (ESI) m/z calcd. for C35H28ClO4 [M+H]+: 

547.1671, found: 547.1671. 

 

(6R,10S)-9-(3-chlorophenyl)-10-((E)-4-methoxystyryl)-7-methyl-6-phenyl-

6H,10H-[1,3] dioxolo[4',5':4,5]benzo[1,2-b]furo[3,4-e]oxepine (3jc) 

According to general procedure 1: White solid, m.p. = 80-82 ℃; 38 mg, 68% yield;  
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97% ee; [α]D
20.0  = -5.1 (0.1, CH2Cl2); [Daicel Chiralpak IA-3 (0.45 cm×25 cm), n-

hexane/2-propanol = 99/1, v = 1.0 mL•min-1, λ = 254 nm, t (major) = 29.6 min, t (minor) 

=33.3 min]; 1H NMR (400 MHz, CDCl3) δ 1.81 (s, 3H), 3.78 (s, 3H), 4.59 (d, J = 6.3 

Hz, 1H), 5.67 (s, 1H), 5.78 (s, 2H), 6.34 (s, 1H), 6.45 (d, J = 15.8 Hz, 1H), 6.65 (s, 1H), 

6.69 (dd, J = 6.4, 15.9 Hz, 1H), 6.81 (d, J = 8.5 Hz, 2H), 7.08 (d, J = 6.2 Hz, 2H), 7.21-

7.30 (m, 4H), 7.29-7.39 (m, 3H), 7.52 (d, J = 7.7 Hz, 1H), 7.68 (s, 1H); 13C NMR (100 

MHz, CDCl3) δ 12.8, 45.1, 55.4, 78.6, 101.2, 107.2, 108.2, 114.0, 120.3, 121.8, 124.2, 

126.3, 127.1, 127.7, 128.2, 128.7, 129.3, 129.4, 129.6, 130.0, 130.1, 130.2, 132.9, 134.7, 

138.7, 144.0, 145.5, 146.3, 147.5, 147.7, 159.1; HRMS (ESI) m/z calcd. for C35H28ClO5 

[M+H]+: 563.1620, found: 563.1620. 

 

(6R,10S)-9-(3-chlorophenyl)-10-((E)-4-chlorostyryl)-7-methyl-6-phenyl-6H,10H-

[1,3] dioxolo[4',5':4,5]benzo[1,2-b]furo[3,4-e]oxepine (3jd) 

According to general procedure 1: White solid, m.p. = 90-92 ℃; 32 mg, 57% yield; 

95% ee; [α]D
20.0  = -1.8 (0.1, CH2Cl2); [Daicel Chiralpak IA-3 (0.45 cm×25 cm), n-

hexane/2-propanol = 98/2, v = 1.0 mL•min-1, λ = 254 nm, t (major) =10.3 min, t (minor) 

=10.8 min]; 1H NMR (400 MHz, CDCl3) δ 1.82 (s, 3H), 4.60 (d, J = 6.1 Hz, 1H), 5.67 

(s, 1H), 5.79 (s, 2H), 6.33 (s, 1H), 6.45 (d, J = 15.9 Hz, 1H), 6.65 (s, 1H), 6.80 (dd, J = 

6.4, 15.9 Hz, 1H), 7.02-7.13 (m, 2H), 7.21-7.34 (m, 8H), 7.37 (t, J = 7.8 Hz, 1H), 7.50 

(d, J = 7.7 Hz, 1H), 7.66 (s, 1H); 13C NMR (100 MHz, CDCl3) δ 12.8, 45.0, 78.7, 101.3, 

107.2, 108.2, 120.2, 121.4, 124.1, 126.3, 127.3, 127.8, 128.2, 128.6, 128.7, 128.8, 129.5, 

129.7, 130.0, 132.5, 132.8, 132.9, 134.7, 135.8, 138.6, 144.1, 145.6, 146.5, 147.5, 147.8; 

HRMS (ESI) m/z calcd. for C34H25Cl2O4 [M+H]+: 567.1124, found: 567.1126. 

 

(6R,10S)-10-((E)-4-bromostyryl)-9-(3-chlorophenyl)-7-methyl-6-phenyl-6H,10H- 
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[1,3] dioxolo- [4',5':4,5] benzo[1,2-b] furo[3,4-e] oxepine (3je) 

According to general procedure 1: White solid, m.p. = 98-100 ℃; 46 mg, 75% yield; 

95% ee; [α]D
20.0  = -8.8 (0.1, CH2Cl2); [Daicel Chiralpak IA-3 (0.45 cm×25 cm), n-

hexane/2-propanol = 97/3, v = 1.0 mL•min-1, λ = 254 nm, t (major) =10.9 min, t (minor) 

=11.8 min]; 1H NMR (400 MHz, CDCl3) δ 1.82 (s, 3H), 4.59 (d, J = 6.3 Hz, 1H), 5.67 

(s, 1H), 5.78 (s, 2H), 6.33 (s, 1H), 6.44 (d, J = 15.9 Hz, 1H), 6.64 (s, 1H), 6.81 (dd, J 

=6.3, 15.9 Hz, 1H), 7.07 (d, J = 7.0 Hz, 2H), 7.22-7.32 (m, 6H), 7.34 -7.41 (m, 3H), 

7.50 (d, J = 7.7 Hz, 1H), 7.66 (s, 1H); 13C NMR (100 MHz, CDCl3) δ 12.8, 45.0, 78.7, 

101.3, 107.2, 108.2, 120.2, 121.0, 121.3, 124.1, 126.3, 127.3, 128.1, 128.2, 128.7, 128.8, 

129.5, 129.7, 130.0, 131.6, 132.6, 132.8, 134.7, 136.2, 138.6, 144.1, 145.6, 146.5, 147.5, 

147.8; HRMS (ESI) m/z calcd. for C34H25ClBrO4 [M+H]+: 611.0619, found: 611.0617. 

 

(6R,10S)-9-(3-chlorophenyl)-10-((E)-2-fluorostyryl)-7-methyl-6-phenyl-6H,10H-

[1,3] dioxolo [4',5':4,5]benzo[1,2-b]furo[3,4-e]oxepine (3jf) 

According to general procedure 1: White solid, m.p. = 154-156 ℃; 42 mg, 76% yield; 

84% ee; [α]D
20.0 = 11.0 (0.1, CH2Cl2); [Daicel Chiralpak IA-3 (0.45 cm ×25 cm), n-

hexane/2-propanol = 90/10, v = 1.0 mL•min-1, λ = 254 nm, t (major) = 13.6 min, t 

(minor) =15.4 min]; 1H NMR (400 MHz, CDCl3) δ 1.81 (s, 3H), 4.63 (d, J = 6.4 Hz, 

1H), 5.67 (s, 1H), 5.78 (s, 2H), 6.34 (s, 1H), 6.66 (s, 1H), 6.70 (d, J = 16.1 Hz, 1H), 

6.92 (dd, J = 6.4, 16.0 Hz, 1H), 6.96-7.11 (m, 4H), 7.12-7.19 (m, 1H), 7.23-7.30 (m, 

4H), 7.37 (t, J = 7.6 Hz, 1H), 7.46-7.54 (m, 2H), 7.67 (s, 1H); 13C NMR (100 MHz, 

CDCl3) δ 12.9, 45.4, 78.7, 101.3, 107.2, 108.2, 115.7 (d, J = 22.2 Hz), 120.2, 121.3, 

122.2 (d, J = 4.0 Hz), 124.0 (d, J = 3.5 Hz), 124.2, 125.1 (d, J = 12.2 Hz), 126.3, 127.3, 

127.5 (d, J = 3.9 Hz), 128.2, 128.6 (d, J = 8.3 Hz), 128.8, 129.5, 129.8, 130.0, 132.8, 

134.2 (d, J = 4.4 Hz), 134.8, 138.6, 144.1, 145.7, 146.5, 147.5, 147.8, 160.2 (d, J = 

248.8 Hz); HRMS (ESI) m/z calcd. for C34H25ClFO4 [M+H]+: 551.1420, found: 

551.1424. 
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(6R,10S)-9-(3-chlorophenyl)-7-methyl-10-((E)-2-methylstyryl)-6-phenyl-6H,10H-

[1,3] dioxolo[4',5':4,5]benzo[1,2-b]furo[3,4-e]oxepine (3jg) 

According to general procedure 1: White solid, m.p. = 78-80 ℃; 32 mg, 58% yield;  

96% ee; [α]D
20.0  = 5.4 (0.1, CH2Cl2); [Daicel Chiralpak IA-3 (0.45 cm×25 cm), n-

hexane/2-propanol = 99/1, v = 1.0 mL•min-1, λ = 254 nm, t (major) = 10.4 min, t (minor) 

=9.4 min]; 1H NMR (400 MHz, CDCl3) δ 1.81 (s, 3H); 2.32 (s, 3H), 4.63 (d, J = 5.4 Hz, 

1H), 5.68 (s, 1H), 5.78 (s, 2H), 6.33 (s, 1H), 6.66 (s, 1H), 6.72 (d, J = 5.3 Hz, 1H), 6.73 

(s, 1H), 7.14 -7.05 (m, 5H), 7.20-7.32 (m, 4H), 7.36 (t, J = 7.9 Hz, 1H), 7.43-7.49 (m, 

1H), 7.57 (d, J = 7.7 Hz, 1H), 7.70 (s, 1H); 13C NMR (100 MHz, CDCl3) δ
 12.8, 20.0, 

45.4, 78.7, 101.2, 107.2, 108.2, 120.2, 121.8, 124.2, 126.0, 126.1, 126.2, 127.2, 127.3, 

127.8, 128.2, 128.7, 129.5, 130.0, 130.1, 130.2, 133.0, 133.1, 134.7, 135.4, 136.5, 138.7, 

144.1, 145.5, 146.4, 147.5, 147.8; HRMS (ESI) m/z calcd. for C35H28ClO4 [M+H]+: 

547.1671, found: 547.1671. 

 

(6R,10S)-9-(3-chlorophenyl)-7-methyl-6-phenyl-10-((E)-2-(thiophen-2-yl)vinyl)-

6H,10H-[1,3]dioxolo[4',5':4,5]benzo[1,2-b]furo[3,4-e]oxepine (3jh) 

According to general procedure 1: White solid, m.p. = 160-162 ℃; 41 mg, 76% yield; 

94% ee; [α]D
20.0  = 5.2 (0.1, CH2Cl2); [Daicel Chiralpak IA-3 (0.45 cm×25 cm), n-

hexane/2-propanol = 97/3, v = 1.0 mL•min-1, λ = 254 nm, t (major) =9.4 min, t (minor) 

=8.1 min]; 1H NMR (400 MHz, CDCl3) δ 1.82 (s, 3H), 4.58 (s, 1H), 5.67 (s, 1H), 5.79 

(s, 2H), 6.33 (s, 1H), 6.61 (s, 1H), 6.62 (d, J = 11.6 Hz, 2H), 6.92 (d, J = 4.3 Hz, 2H), 

7.04 -7.14 (m, 3H), 7.23-7.33 (m, 4H), 7.37 (t, J = 7.9 Hz, 1H), 7.50 (d, J = 7.8 Hz, 1H), 

7.65 (s, 1H); 13C NMR (100 MHz, CDCl3) δ 12.9, 44.7, 78.6, 101.3, 107.2, 108.2, 120.3, 

121.2, 123.1, 123.9, 124.1, 125.5, 126.3, 127.2, 127.3, 128.2, 128.8, 129.4, 129.6, 130.1, 
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131.4, 132.8, 134.8, 138.6, 142.4, 144.0, 145.6, 146.5, 147.6, 147.8; HRMS (ESI) m/z 

calcd. for C32H24ClO4S [M+H]+: 539.1078, found: 539.1077. 

 

(4R,10S)-1-(3-chlorophenyl)-10-((E)-4-fluorostyryl)-7,8-dimethoxy-3-methyl-4-

phenyl-4H,10H-benzo[b]furo[3,4-e] oxepine (3ji) 

According to general procedure 1: White solid, m.p. = 80-82 ℃; 41 mg, 72% yield;  

94% ee; [α]D
20.0 = -11.5 (0.1, CH2Cl2); [Daicel Chiralpak IA-3 (0.45 cm×25 cm), n-

hexane/2-propanol = 90/10, v = 1.0 mL•min-1, λ = 254 nm, t (major) = 5.2 min, t (minor) 

=11.2 min]; 1H NMR (400 MHz, CDCl3) δ 1.84 (s, 3H), 3.39 (s, 3H), 3.81 (s, 3H), 4.63 

(d, J = 6.1 Hz, 1H), 5.66 (s, 1H), 6.36 (s, 1H), 6.49 (d, J = 15.9 Hz, 1H), 6.66 (s, 1H), 

6.77 (dd, J = 6.2, 15.9 Hz, 1H), 6.96 (t, J = 8.6 Hz, 2H), 7.05 (d, J = 6.0 Hz, 2H), 7.21-

7.32 (m, 4H), 7.33-7.43 (m, 3H), 7.55 (d, J = 7.8 Hz, 1H), 7.70 (s, 1H); 13C NMR (100 

MHz, CDCl3) δ 12.8, 44.8, 55.8, 56.2, 78.6, 109.7, 111.4, 115.4 (d, J = 21.5 Hz), 120.3, 

121.8, 124.1, 126.2, 127.2, 128.0 (d, J = 7.9 Hz), 128.1, 128.2, 128.6 (d, J = 4.5 Hz), 

129.4, 130.0, 131.6, 131.7, 133.0, 133.4 (d, J = 3.3 Hz), 134.7, 138.9, 145.5, 145.6, 

146.6, 147.7, 147.9, 162.2 (d, J = 246.4 Hz); HRMS (ESI) m/z calcd. for C35H29ClFO4 

[M+H]+: 567.1733, found: 567.1734. 

 

(6R,10S)-9-(3-chlorophenyl)-7-methyl-10-(2-methylprop-1-en-1-yl)-6-phenyl-

6H,10H-[1,3] dioxolo[4',5':4,5]benzo[1,2-b]furo[3,4-e]oxepine (3jm) 

According to general procedure 1: Yellow oil, 25 mg, 52% yield; 73% ee; [α]D
20.0 = -

18.5 (0.1, CH2Cl2);  [Daicel Chiralpak IA-3 (0.45 cm×25 cm), n-hexane/2-propanol = 

98/2, v = 1.0 mL•min-1, λ = 254 nm, t (major) =5.9 min, t (minor) =5.0 min]; 1H NMR 

(400 MHz, CDCl3) δ 1.76 (s, 3H), 1.80 (s, 3H), 1.84 (s, 3H), 4.60 (d, J = 9.3 Hz, 1H), 

5.64 (s, 1H), 5.76 (s, 2H), 6.10 (d, J = 9.2 Hz, 1H), 6.35 (s, 1H), 6.59 (s, 1H), 7.07 (d, 
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J = 7.0 Hz, 2H), 7.22-7.29 (m, 4H), 7.36 (t, J = 7.8 Hz, 1H), 7.44 (d, J = 7.7 Hz, 1H), 

7.52 (s, 1H); 13C NMR (100 MHz, CDCl3) δ 12.8, 18.1, 26.0, 40.7, 78.8, 101.1, 107.3, 

107.8, 120.1, 123.6, 124.4, 126.5, 126.6, 127.0, 128.2, 128.7, 129.6, 129.9, 131.2, 131.7, 

133.1, 134.6, 138.7, 143.8, 145.1, 145.8, 147.0, 147.6; HRMS (ESI) m/z calcd. for 

C30H26ClO4 [M+H]+: 485.1952, found: 485.1959. 

 

(6R,10S)-10-(4-methoxyphenyl)-7-methyl-6,9-diphenyl-6H,10H- [1,3]-dioxolo 

[4',5':4,5] benzo[1,2-b] furo[3,4-e] oxepine (3aj) 

According to general procedure 2: White solid, m.p. = 158-160 ℃; 38 mg, 76% yield; 

92% ee; [α]D
20.0 = -78.3 (0.1, CH2Cl2); [Daicel Chiralpak IA-3 (0.45 cm×25 cm), n-

hexane/2-propanol = 95/5, v = 1.0 mL•min-1, λ = 254 nm, t (major) = 10.6 min, t (minor) 

=7.1 min]; 1H NMR (400 MHz, CDCl3) δ 1.82 (s, 3H), 3.77 (s, 3H), 5.12 (s, 1H), 5.59 

(s, 1H), 5.79 (s, 1H), 5.80 (s, 1H), 6.25 (s, 1H), 6.78 (s, 1H), 6.83 (d, J = 8.6 Hz, 2H), 

7.07 (d, J = 5.6 Hz, 2H), 7.20 (d, J = 8.5 Hz, 2H), 7.23 -7.31 (m, 4H), 7.36 (t, J = 7.6 

Hz, 2H), 7.49 (d, J = 7.6 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 13.0, 45.1, 55.2, 78.7, 

101.2, 107.6, 109.0, 113.7, 120.0, 120.5, 126.0, 127.2, 128.1, 128.2, 128.6, 128.8, 129.5, 

131.2, 131.9, 135.9, 138.8, 143.8, 146.2, 147.0, 147.3, 147.4, 157.9; HRMS (ESI) m/z 

calcd. for C33H27O5 [M+H]+: 503.1853, found: 503.1852. 

 

(6R,10S)-10-(4-methoxyphenyl)-7-methyl-6-phenyl-9-(p-tolyl)-6H,10H-[1,3] 

dioxolo[4',5':4,5]benzo[1,2-b]furo[3,4-e]oxepine (3bj) 

According to general procedure 2: White solid, m.p. = 200-202 ℃; 30 mg, 58% yield; 

88% ee; [α]D
20.0 = -188.7 (0.1, CH2Cl2); [Daicel Chiralpak IA-3 (0.45 cm × 25 cm), n-
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hexane/2-propanol = 95/5, v = 1.0 mL•min-1, λ = 254 nm, t (major) = 10.8 min, t (minor) 

= 6.8 min]; 1H NMR (400 MHz, CDCl3) δ 1.80 (s, 3H), 2.36 (s, 3H), 3.77 (s, 3H), 5.09 

(s, 1H), 5.58 (s, 1H), 5.80 (s, 1H), 5.81 (s, 1H), 6.24 (s, 1H), 6.77 (s, 1H), 6.83 (d, J = 

8.5 Hz, 2H), 7.07 (d, J = 4.0 Hz, 2H), 7.18 (dd, J = 4.2, 8.3 Hz, 4H), 7.20-7.26 (m, 2H), 

7.26-7.31 (m, 1H), 7.38 (d, J = 7.9 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 13.0, 21.3, 

45.1, 55.2, 78.7, 101.2, 107.6, 109.0, 113.7, 119.8, 119.9, 126.0, 128.1, 128.2, 128.4, 

128.6, 129.4, 129.5, 132.0, 136.0, 137.1, 138.9, 143.7, 146.2, 147.0, 147.1, 147.4, 157.9; 

HRMS (ESI) m/z calcd. for C34H27O5 [M-H]+: 515.1853, found: 515.1850. 

 

(6R,10S)-9-(4-bromophenyl)-10-(4-methoxyphenyl)-7-methyl-6-phenyl-6H,10H-

[1,3] dioxolo[4',5':4,5]benzo[1,2-b]furo[3,4-e]oxepine (3ej) 

According to general procedure 2: White solid, m.p. = 104-106 ℃; 36 mg, 62% yield; 

90% ee; [α]D
20.0 = -58.2 (0.1, CH2Cl2); [Daicel Chiralpak IA-3 (0.45 cm × 25 cm), n-

hexane/2-propanol = 95/5, v = 1.0 mL•min-1, λ = 254 nm, t (major) = 12.1 min, t (minor) 

= 7.5 min]; 1H NMR (400 MHz, CDCl3) δ 1.81 (s, 3H), 3.78 (s, 3H), 5.04 (s, 1H), 5.58 

(s, 1H), 5.81 (s, 2H), 6.25 (s, 1H), 6.77 (s, 1H), 6.83 (d, J = 8.4 Hz, 2H), 7.06 (d, J = 

7.1 Hz, 2H), 7.17 (d, J = 8.3 Hz, 2H), 7.22-7.26 (m, 2H), 7.26 -7.29 (m, 1H), 7.34 (d, J 

= 8.3 Hz, 2H), 7.49 (d, J = 8.3 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 13.0, 45.3, 55.3, 

78.6, 101.2, 107.7, 108.9, 113.8, 120.3, 121.2, 126.3, 127.4, 128.2, 128.7, 129.5, 130.0, 

131.4, 131.7, 131.9, 135.5, 138.6, 143.8, 146.2, 146.3, 147.0, 147.8, 158.0; HRMS (ESI) 

m/z calcd. for C33H26BrO5 [M+H]+: 581.0958, found: 581.0962. 
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(6R,10S)-10-(4-methoxyphenyl)-7-methyl-6-phenyl-9-(thiophen-3-yl)-6H,10H-

[1,3] dioxolo[4',5':4,5]benzo[1,2-b]furo[3,4-e]oxepine (3oj)  

According to general procedure 2: White solid, m.p. =150-152 ℃; 31 mg, 62% yield; 

90% ee; [α]D
20.0 = -123.1 (0.1, CH2Cl2); [Daicel Chiralpak IA-3 (0.45 cm×25 cm), n-

hexane/2-propanol = 95/5, v = 1.0 mL•min-1, λ = 254 nm, t (major) = 13.7 min, t (minor) 

=7.8min]; 1H NMR (400 MHz, CDCl3) δ 1.82 (s, 3H), 3.75 (s, 3H), 5.10 (s, 1H), 5.60 

(s, 1H), 5.79 (s, 1H), 5.80 (s, 1H), 6.25 (s, 1H), 6.80 (s, 2H), 6.83 (s, 1H),7.06 (d, J = 

7.2 Hz, 2H), 7.18 (d, J = 8.4 Hz, 2H), 7.21-7.28 (m, 4H), 7.30 (d, J = 5.1 Hz, 1H), 7.34 

(dd, J = 2.9, 5.1 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 12.9, 45.2, 55.3, 78.6, 101.2, 

107.7, 109.0, 113.8, 119.8, 119.9, 125.8, 126.1, 128.1, 128.2, 128.3, 128.7, 129.5, 131.5, 

132.1, 135.6, 138.7, 143.8, 144.5, 146.3, 146.6, 147.1, 158.0; HRMS (ESI) m/z calcd. 

for C31H25O5S [M+H]+: 509.1417, found: 509.1421.  

 

(6R,10S)-6-(4-fluorophenyl)-10-(4-methoxyphenyl)-7-methyl-9-phenyl-6H,10H- 

[1,3] dioxolo[4',5':4,5] benzo[1,2-b]furo[3,4-e]oxepine (3rj) 

According to general procedure 2: White solid, m.p. = 168-170 ℃; 37 mg, 72% yield; 

89% ee; [α]D
20.0 = -59.6 (0.1, CH2Cl2); [Daicel Chiralpak IA-3 (0.45 cm × 25 cm), n-

hexane/2-propanol = 95/5, v = 1.0 mL•min-1, λ = 254 nm, t (major) = 14.7 min, t (minor) 

=8.2 min]; 1H NMR (400 MHz, CDCl3) δ 1.83 (s, 3H), 3.77 (s, 3H), 5.11 (s, 1H), 5.59 

(s, 1H), 5.82 (s, 1H), 5.83 (s, 1H), 6.24 (s, 1H), 6.78 (s, 1H), 6.83 (d, J = 8.7 Hz, 2H), 

6.94 (t, J = 8.5 Hz, 2H), 7.05 (s, 2H), 7.18 (d, J = 8.5 Hz, 2H), 7.28 (t, J = 7.6 Hz, 1H), 

7.37 (t, J = 7.6 Hz, 2H), 7.48 (d, J = 7.5 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 13.0, 

45.1, 55.3, 77.8, 101.3, 107.6, 109.1, 113.7, 115.1 (d, J = 21.4 Hz), 119.9, 120.3, 126.0, 

127.3, 128.2, 128.8, 131.1, 131.3 (d, J = 8.4 Hz), 132.1, 134.9 (d, J = 3.2 Hz), 135.8, 
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143.9, 146.3, 146.7, 147.3, 147.4, 158.0, 162.8 (d, J = 247.3 Hz); HRMS (ESI) m/z 

calcd. for C33H26FO5 [M+H]+: 521.1759, found: 521.1757. 

 

(6R,10S)-10-(4-methoxyphenyl)-7-methyl-9-phenyl-6-(m-tolyl)-6H,10H-[1,3] 

dioxolo [4',5':4,5]benzo[1,2-b] furo [3,4-e] oxepine (3sj) 

According to general procedure 2: White solid, m.p. =86-87 ℃; 37 mg, 72% yield;  84% 

ee; [α]D
20.0  = -51.9 (0.1, CH2Cl2); [Daicel Chiralpak IA-3 (0.45 cm × 25 cm), n-

hexane/2-propanol = 95/5, v = 1.0 mL•min-1, λ = 254 nm, t (major) = 9.7 min, t (minor) 

= 6.7 min]; 1H NMR (400 MHz, CDCl3) δ 1.82 (s, 3H), 2.28 (s, 3H), 3.77 (s, 3H), 5.12 

(s, 1H), 5.61 (s, 1H), 5.79 (s, 1H), 5.81 (s, 1H), 6.20 (s, 1H), 6.78 (s, 1H), 6.83 (d, J = 

8.6 Hz, 2H), 6.92 (s, 1H), 7.09 (t, J = 7.6 Hz, 2H), 7.20 (d, J = 8.4 Hz, 2H), 7.23-7.31 

(m, 2H), 7.37 (t, J = 7.6 Hz, 2H), 7.50 (d, J = 7.8 Hz, 2H); 13C NMR (100 MHz, CDCl3) 

δ 13.1 21.5, 45.1, 55.3, 78.7, 101.2, 107.7, 109.0, 113.7, 120.1, 120.5, 126.0, 126.6, 

127.2, 127.9, 128.2, 128.8, 129.4, 130.2, 131.2, 131.9, 135.9, 137.7, 138.7, 143.7, 146.2, 

147.1, 147.2, 147.4, 157.9; HRMS (ESI) m/z calcd. for C34H29O5 [M+H]+: 517.2010, 

found: 517.2007. 

 

(6R,10S)-10-(benzo[d][1,3] dioxol-5-yl)-7-methyl-6,9-diphenyl-6H,10H-[1,3] 

Dioxolo [4',5':4,5] benzo[1,2-b] furo[3,4-e] oxepine (3ak) 

According to general procedure 2: White solid, m.p. = 82-84 ℃; 31 mg, 61% yield; 90% 

ee; [α]D
20.0  = -95.1 (0.1, CH2Cl2); [Daicel Chiralpak IA-3 (0.45 cm × 25 cm), n-
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hexane/2-propanol = 95/5, v = 1.0 mL•min-1, λ = 254 nm, t (major) = 8.8 min, t (minor) 

= 7.3 min]; 1H NMR (400 MHz, CDCl3) δ 1.81 (s, 3H), 5.07 (s, 1H), 5.59 (s, 1H), 5.81 

(s, 2H), 5.91 (s, 1H), 5.93 (s, 1H), 6.25 (s, 1H), 6.73-6.80 (m, 4H), 7.08 (s, 2H), 7.22-

7.32 (m, 4H), 7.38 (t, J = 7.6 Hz, 2H), 7.49 (d, J = 7.5 Hz, 2H); 13C NMR (100 MHz, 

CDCl3) δ 13.0, 45.5, 78.7, 101.0, 101.2, 107.7, 108.0, 108.1, 109.0, 119.9, 120.2, 120.3, 

126.0, 127.3, 128.2, 128.7, 128.8, 129.5, 131.1, 131.8, 137.9, 138.7, 143.8, 145.9, 146.3, 

147.0, 147.4, 147.5, 147.7; HRMS (ESI) m/z calcd. for C33H25O6 [M+H]+: 517.1646, 

found: 517.1651. 

 

(6R,10S)-10-(2,4-dimethoxyphenyl)-7-methyl-6,9-diphenyl-6H,10H-[1,3]dioxolo 

[4',5':4,5] benzo[1,2-b]furo[3,4-e]oxepine (3al) 

According to general procedure 2: White solid, m.p. = 82-84 ℃; 37 mg, 70% yield; 80% 

ee; [α]D
20.0  = -73.2 (0.1, CH2Cl2); [Daicel Chiralpak IA-3 (0.45 cm × 25 cm), n-

hexane/2-propanol = 95/5, v = 1.0 mL•min-1, λ = 254 nm, t (major) = 6.5 min, t (minor) 

=16.6 min]; 1H NMR (400 MHz, CDCl3) δ 1.88 (s, 3H), 3.78 (s, 3H), 3.83 (s, 3H), 5.43 

(s, 1H), 5.51 (s, 1H), 5.74 (s, 2H), 6.45-6.51 (m, 3H), 6.86 (s, 1H), 7.10 (d, J = 5.2 Hz, 

2H), 7.21-7.28 (m, 4H), 7.30-7.39 (m, 4H),7.55 (d, J = 8.4 Hz, 1H); 13C NMR (100 

MHz, CDCl3) δ 12.9, 39.9, 55.4, 55.5, 78.7, 98.7, 100.9, 104.0, 106.9, 110.0, 121.0, 

121.3, 124.8, 125.9, 126.9, 128.1, 128.5, 128.6, 129.7, 130.8, 131.2, 138.8, 139.5, 143.3, 

145.6, 146.6, 146.7, 147.3, 157.3, 159.5; HRMS (ESI) m/z calcd. for C34H29O6 [M+H]+: 

533.1959, found: 533.1959. 
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4-(N,N-dipropylsulfamoyl)phenyl-4-((6R,10S)-10-(4-methoxyphenyl)-7-methyl-6-

phenyl-6H,10H-[1,3]dioxolo[4',5':4,5]benzo[1,2-b]furo[3,4-e]oxepin-9-yl) benzo- 

ate (3uj)   

According to general procedure 2: White solid, m.p. = 102-104 ℃; 56 mg, 71% yield; 

86% ee; [α]D
20.0 = -73.0 (0.1, CH2Cl2); [Daicel Chiralpak IA-3 (0.45 cm × 25 cm), n-

hexane/2-propanol = 95/5, v = 1.0 mL•min-1, λ = 254 nm, t (major) = 21.8 min, t (minor) 

=16.5 min]; 1H NMR (400 MHz, CDCl3) δ 0.89 (t, J = 7.3 Hz, 6H), 1.55-1.60 (m, 4H), 

1.83 (s, 3H), 3.14 (t, J = 7.3 Hz, 4H), 3.78 (s, 3H), 5.11 (s, 1H), 5.59 (s, 1H), 5.82 (s, 

2H), 6.27 (s, 1H), 6.81 (s, 1H), 6.84 (d, J = 8.5 Hz, 2H), 7.08 (s, 2H), 7.19-7.30 (m, 

7H), 7.55 (d, J = 8.4 Hz, 2H), 7.95 (d, J = 8.2 Hz, 2H), 8.33 (d, J = 8.2 Hz, 2H); 13C 

NMR (100 MHz, CDCl3) δ 11.3, 13.0, 22.0, 45.2, 50.0, 55.3, 78.6, 101.2, 107.7, 109.0, 

113.8, 120.2, 120.8, 121.9, 127.2, 127.3, 128.1, 128.2, 128.7, 129.4, 129.5, 130.9, 131.8, 

132.8, 135.7, 138.7, 143.8, 145.1, 146.3, 146.4, 147.0, 147.7, 149.7, 158.0, 163.9; 

HRMS (ESI) m/z calcd. for C46H44NO9S [M+H]+: 786.2731, found: 786.2727. 

4. Large-scale reaction and synthetic transformations  

 

Under nitrogen atmosphere, a solution of L12 (0.06 mmol, 33.4 mg, 3.0 mol%) and 

Me2SAuCl (0.04 mmol, 11.8 mg, 2.0 mol%) in DCE (2.0 mL) was stirred at room 

temperature for 2 h, then the solvent was removed in vacuum. Next, the AgNTf2 (0.044 

mmol, 17.0 mg, 2.2 mol%) was added to the residue and DCE (10 mL) was added, and 

the mixture was stirred at room temperature for 15 min. Then the precipitate was 

removed and the remaining solution was transferred into a solution of ketone substrate 

1j (2.0 mmol, 560 mg, 1.0 equiv.) and ortho quinone methides 2a (2.6 mmol, 654 mg 
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1.3 equiv.) with 4 Å molecular sieves 6 g in DCE (10 mL) at room temperature. Once 

the reaction was complete as indicated by TLC, the solvent was removed under reduced 

pressure, and the residue was purified by a silica gel column using ethyl acetate/ 

petroleum ether=1/60 as the eluent to give aim product 3ja as white solid. (920 mg, 

1.72 mmol) with 87% yield and 93% ee. [Daicel CHIRALPAK® IA-3 (0.45 cm × 25 

cm), n-hexane/2-propanol = 97/3, v = 1.0 mL•min-1, λ = 254 nm, t (major) = 8.7 min, t 

(minor) =8.1 min]. 

 

Under nitrogen atmosphere, a solution of L12 (0.06 mmol, 33.4 mg, 3.0 mol%) and 

Me2SAuCl (0.04 mmol, 11.8 mg, 2.0 mol%) in DCE (2.0 mL) was stirred at room 

temperature for 2 h, then the solvent was removed in vacuum. Next, the AgNTf2 (0.044 

mmol, 17.0 mg, 2.2 mol%) was added to the residue and PhF (10 mL) was added, and 

the mixture was stirred at room temperature for 15 min. Then the precipitate was 

removed and the remaining solution was transferred into a solution of ketone substrate 

1a (2.0 mmol, 492 mg, 1.0 equiv.) and ortho quinone methides 2j (2.6 mmol, 664 mg 

1.3 equiv.) with 4 Å molecular sieves 6 g in PhF (10 mL) at room temperature. Once 

the raw materials were used up, the solvent was removed under reduced pressure, and 

the residue was purified by a silica gel column using ethyl acetate/ petroleum 

ether=1/40 as the eluent to give aim product 3aj as white solid. (700 mg, 1.4 mmol) 

with 70% yield and 88% ee. [Daicel CHIRALPAK® IA-3 (0.45 cm × 25 cm), n-

hexane/2-propanol = 95/5, v = 1.0 mL•min-1, λ = 254 nm, t (major) = 11.2 min, t (minor) 

=7.2 min]. 

Synthetic procedures for chemical transformations: 
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TBAF (0.6 mL, 0.1 mol/L in THF) was slowly added dropwise to a stirred solution of 

4 Å MS (60 mg), chiral product (0.1 mmol) and the triflate (0.6 mmol) in dry THF (2.0 

mL) at -60 oC under nitrogen. After stirring for 2 h, the solution was quenched with 

saturated ammonium chloride and extracted with ethyl acetate. The combined organic 

phase was dried over Na2SO4 and concentrated in vacuum. The residue was purified by 

flash chromatography on silica gel with PE/EA=1/30 to afford product 4.   

(6R,7R,12S,13S)-12-(3-chlorophenyl)-7-methyl-6-phenyl-13-((E)-styryl)-6,7, 

12,13-tetrahydro-7,12-epoxy[1,3]dioxolo[4',5':4,5]benzo[1,2-b]naphtha[2,3-

e]oxepine (4a)  

White solid, m.p. = 78-80 ℃; 46 mg, 75% yield; [α]D
20.0 = -26.9 (0.1, CH2Cl2); 

1H NMR 

(400 MHz, CDCl3) δ 1.42 (s, 3H), 4.03 (s, 1H), 5.56 (s, 1H), 5.62 (s, 1H), 5.73 (s, 1H), 

5.76 (s, 1H), 5.95 (s, 1H), 5.96 (s, 1H), 6.46 (s, 1H), 6.97 (t, J = 7.4 Hz, 1H), 7.05 (d, J 

= 7.2 Hz, 2H), 7.12 (t, J = 7.3 Hz, 1H), 7.17 (d, J = 7.0 Hz, 1H), 7.19-7.27 (m, 5H), 

7.27-7.35 (m, 4H), 7.43-7.54 (m, 2H), 7.71 (d, J = 7.3 Hz, 1H), 7.84 (s, 1H); 13C NMR 

(100 MHz, CDCl3) δ 14.8, 47.1, 80.5, 88.5, 93.0, 101.3, 106.9, 108.2, 118.3, 120.4, 

125.1, 125.3, 125.4, 126.6, 127.3, 127.4, 128.1, 128.4, 128.5, 128.6, 128.9, 129.2, 129.7, 

130.0, 131.1, 134.8, 136.6, 136.9, 137.3, 143.9, 146.4, 147.8, 149.7, 150.6, 151.0, 151.4; 

HRMS (ESI) m/z calcd. for C40H30ClO4 [M+H]+:609.1827, found:609.1829.  

(6R,7R,12S,13S)-12-(3-chlorophenyl)-7-methyl-6-phenyl-13-((E)-2-(thiophen-2-

yl)vinyl)-6,7,12,13-tetrahydro-7,12-epoxy[1,3]dioxolo[4',5':4,5]benzo[1,2-b]-   

naphtho[2,3-e]oxepine (4b)  



S35 

 

White solid, m.p. = 78-80 ℃; 52 mg, 85% yield; [α]D
20.0 = -42.8 (0.1, CH2Cl2); 

1H NMR 

(400 MHz, CDCl3) δ 1.42 (s, 3H), 3.99 (d, J = 7.5 Hz, 1H), 5.56 (s, 1H), 5.63 (s, 1H), 

5.75 (d, J = 8.2 Hz, 2H), 5.80 (dd, J = 7.8, 15.6 Hz, 1H), 5.96 (d, J = 15.6 Hz, 1H), 6.45 

(s, 1H), 6.64 (d, J = 3.4 Hz, 1H), 6.85-6.91 (m, 1H), 7.00 (t, J = 7.4 Hz, 1H), 7.07 (d, J 

= 5.0 Hz, 1H), 7.12 (t, J = 7.3 Hz, 1H), 7.19-7.34 (m, 7H), 7.43-7.53 (m, 2H), 7.70 (d, 

J = 7.4 Hz, 1H), 7.82 (s, 1H); 13C NMR (100 MHz, CDCl3) δ 14.8, 46.6, 80.4, 88.5, 

93.0, 101.3, 106.9, 108.2, 118.3, 120.4, 124.2, 124.4, 125.2, 125.3, 125.4, 125.6, 127.1, 

127.2, 127.3, 128.4, 128.5, 128.6, 129.2, 129.7, 130.0, 134.9, 136.5, 137.2, 142.0, 143.9, 

146.4, 147.9, 150.0, 150.3, 150.9, 151.3; HRMS (ESI) m/z calcd. for C38H28ClO4S 

[M+H]+:615.1391, found: 615.1391. 

 

TBAF (0.6 mL, 0.3 mmol in THF) was slowly added dropwise to a stirred solution of 

4 Å MS (60 mg), chiral furan 3aj (0.1 mmol, 50 mg) and the triflate (0.6 mmol) in dry 

THF (2.0 mL) at room temperature under nitrogen. After stirring for 1 h, the solution 

was quenched with saturated ammonium chloride and extracted with ethyl acetate. The 

combined organic phase was dried over Na2SO4 and concentrated in vacuum. The 

residue was purified by flash chromatography on silica gel with PE/EA=1/20 to afford 

aim product 5 as white solid (50 mg, 86% yield). 

(6R,7R,12S,13S)-13-(4-methoxyphenyl)-7-methyl-6,12-diphenyl-6,7,12,13-tetra- 

hydro-7,12-epoxy[1,3]dioxolo[4',5':4,5]benzo[1,2-b]naphtho[2,3-e]oxepine (5) 

White solid, m.p. = 98-100 ℃; 50 mg, 86% yield; [α]D
20.0 = -4.4 (0.1, CH2Cl2); 

1H NMR 

(400 MHz, CDCl3) δ 1.46 (s, 3H), 3.71 (s, 3H), 4.45 (s, 1H), 5.57 (s, 1H), 5.67 (s, 1H), 

5.69 (s, 1H), 5.72 (s, 1H), 6.51 (s, 1H), 6.55 (d, J = 8.6 Hz, 2H), 6.69 (d, J = 8.6 Hz, 

2H), 6.78-6.88 (m, 3H), 7.06 (t, J = 7.2 Hz, 1H), 7.25-7.35 (m, 4H), 7.42-7.50 (m, 4H), 



S36 

 

7.54 (d, J = 7.2 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 14.9, 48.7, 55.3, 80.5, 88.3, 

93.6, 101.2, 106.9, 108.3, 113.7, 117.8, 120.3, 124.7, 125.1, 126.2, 126.8, 128.1, 128.4, 

128.5, 129.1, 129.5, 129.8, 130.8, 131.9, 135.1, 136.7, 143.7, 146.1, 147.3, 149.7, 151.1, 

151.3, 158.4; HRMS (ESI) m/z calcd. for C39H31O5 [M+H]+: 579.2166, found: 

579.2167. 

 

A stirred solution of chiral product (0.1 mmol) in DCM (4.0 mL) was added Crabtree’s 

catalyst (10%, 8 mg) at room temperature and the reaction mixture was stirred for 48 h 

under H2 atmosphere. Subsequently, the solvent was evaporated in vacuo. The residue 

was purified by flash chromatography with PE/EA=1/40 to afford aim product 6. 

(6R,10S)-9-(3-chlorophenyl)-7-methyl-10-phenethyl-6-phenyl-6H,10H-[1,3] 

dioxolo[4',5':4,5]benzo[1,2-b]furo[3,4-e]oxepine (6a) 

Colorless oil, 46 mg, 86% yield; [α]D
20.0 = -161.1 (0.1, CH2Cl2);

1H NMR (400 MHz, 

CDCl3) δ 1.77 (s, 3H), 2.16-2.26 (m, 1H), 2.45-2.55 (m, 1H), 2.58-2.68 (m, 1H), 2.88-

3.00 (m, 1H), 3.83 (dd, J = 3.9, 11.0 Hz, 1H), 5.68 (s, 1H), 5.80 (s, 1H), 5.83 (s, 1H), 

6.29 (s, 1H), 6.57 (s, 1H), 7.14 - 6.96 (m, 2H), 7.23 -7.16 (m, 6H), 7.22-7.32 (m, 5H), 

7.56 (s, 1H); 13C NMR (100 MHz, CDCl3) δ 12.7, 34.1, 37.7, 41.1, 78.7, 101.2, 107.3, 

109.6, 120.1, 123.5, 124.6, 125.8, 125.9, 126.7, 128.2, 128.5, 128.6, 128.7, 128.9, 129.5, 

129.8, 129.9, 133.1, 134.7, 138.9, 141.9, 143.7, 144.0, 146.1, 147.4; HRMS (ESI) m/z 

calcd. for C34H28ClO4 [M+H]+: 535.1671, found: 535.1676.  

(6R,10S)-9-(3-chlorophenyl)-7-methyl-6-phenyl-10-(2-(thiophen-2-yl)ethyl)-

6H,10H-[1,3]dioxolo[4',5':4,5]benzo[1,2-b]furo[3,4-e]oxepine (6b)  
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White solid, 47 mg, 87% yield; [α]D
20.0  = -71.1 (0.1, CH2Cl2);

1H NMR (400 MHz, 

CDCl3) δ 1.77 (s, 3H), 2.19-2.33 (m, 1H), 2.68-2.84 (m, 2H), 2.93-3.02 (m, 1H), 3.92 

(dd, J = 4.4, 11.0 Hz, 1H), 5.68 (s, 1H), 5.76 (s, 1H), 5.79 (s, 1H), 6.29 (s, 1H), 6.59 (s, 

1H), 6.77 (d, J = 3.3 Hz, 1H), 6.89-6.96 (m, 1H), 7.04 (s, 2H), 7.12 (d, J = 5.0 Hz, 1H), 

7.18-7.30 (m, 6H), 7.57 (s, 1H); 13C NMR (100 MHz, CDCl3) δ 12.7, 28.1, 37.9, 40.6, 

78.6, 101.2, 107.3, 109.5, 120.1, 123.2, 123.7, 124.3, 124.7, 125.9, 126.8, 126.9, 128.1, 

128.2, 128.7, 129.4, 129.5, 129.9, 133.1, 134.7, 138.8, 143.7, 144.2, 144.6, 146.2, 147.4; 

HRMS (ESI) m/z calcd. for C32H26ClO4S [M+H]+: 541.1235, found: 541.1238.  

 

To a stirred solution of 3ja (0.1 mmol) in ethyl acetate (4.0 mL), Pd/C (10%, 30 mg) 

was added and the reaction mixture was stirred at room temperature for 48 h under H2 

atmosphere. Subsequently, it was filtered to remove Pd/C and the solvent was 

evaporated in vacuo. The residue was purified by silica gel column with hexanes/ethyl 

acetate (5:1, v/v) to to afford 7 as white solid (38 mg, 71% yield). 

(S)-6-(1-(4-benzyl-2-(3-chlorophenyl)-5-methylfuran-3-yl)-3-phenylpropyl)benzo 

[d][1,3]dioxol-5-ol (7)  

Colorless oil, 38 mg, 71% yield; [α]D
20.0 = -161.1 (0.1, CH2Cl2);

1H NMR (400 MHz, 

CDCl3) δ 1.90-2.04 (m, 1H), 2.15-2.26 (m, 1H), 2.21 (s, 3H), 2.43-2.58 (m, 2H), 3.50 

(d, J = 16.8 Hz, 1H), 3.64 (d, J = 16.8 Hz, 1H), 4.20 (t, J = 7.6 Hz, 1H), 4.54 (s, 1H), 

5.82 (s, 1H), 5.86 (s, 1H), 6.25 (s, 1H), 6.70 (s, 1H), 6.87 (d, J = 7.7 Hz, 2H), 6.95 (d, 

J = 7.5 Hz, 2H), 7.12-7.24 (m, 5H), 7.27-7.35 (m, 3H), 7.45 (d, J = 7.9 Hz, 2H); 13C 

NMR (100 MHz, CDCl3) δ 12.0, 29.6, 33.7, 34.2, 34.7, 99.1, 101.0, 107.0, 118.2, 119.6, 

122.2, 125.9, 126.0, 127.3, 127.7, 127.8, 127.9, 128.3, 128.4, 128.5, 128.6, 128.7, 131.0, 

139.9, 141.5, 141.6, 146.5, 148.0, 149.4, 150.5; HRMS (ESI) m/z calcd. for C34H30ClO4 
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[M+H]+: 537.1827, found: 537.1972.  

 

To a stirred solution of 3jh (0.1 mmol) in DCM (2.0 mL), PCC (2.0 equiv.) was added 

and the reaction mixture was stirred at 35oC overnight. Subsequently, it was filtered by 

silica gel, then the solvent was evaporated in vacuo. The residue was purified by silica 

gel column with hexanes/ethyl acetate (10:1, v/v) to to afford 8 as white solid (38 mg, 

68% yield). 

1-((6R,9S)-8-(3-chlorobenzoyl)-6-phenyl-9-((E)-2-(thiophen-2-yl)vinyl)-6,9-

dihydro-[1,3]dioxolo[4',5':4,5]benzo[1,2-b]oxepin-7-yl)ethan-1-one (8) 

White solid, m.p. = 128-130℃; 38 mg, 68% yield; [α]D
20.0 = -51.1 (0.1, CH2Cl2); 

1H 

NMR (400 MHz, CDCl3) δ 1.89 (s, 3H), 4.11 (d, J = 7.8 Hz, 1H), 5.80 (s, 1H), 5.81 (s, 

1H), 5.85 (s, 1H), 6.36-6.42 (m, 2H), 6.48 (dd, J = 7.9, 15.5 Hz, 1H), 6.55 (s, 1H), 6.83 

(d, J = 3.1 Hz, 1H), 6.86 - 6.90 (m, 1H), 7.10 (d, J = 4.9 Hz, 1H), 7.16 (d, J = 5.7 Hz, 

2H), 7.28-7.32 (m, 3H), 7.41 (t, J = 7.8 Hz, 1H), 7.52 (d, J = 8.0 Hz, 1H), 7.75 (d, J = 

7.7 Hz, 1H), 7.93 (s, 1H); 13C NMR (100 MHz, CDCl3) δ 29.1, 50.6, 80.5, 101.5, 106.1, 

107.9, 124.5, 125.2, 126.1, 126.7, 127.2, 127.3, 128.1, 128.9, 129.0, 129.4, 129.6, 130.2, 

133.2, 135.3, 135.6, 137.8, 140.2, 141.5, 144.5, 147.2, 147.3, 147.6, 197.1, 199.2; 

HRMS (ESI) m/z calcd. for C32H24ClO5S [M+H]+: 555.1027, found: 555.1027.  
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5. X-ray Crystallography data 

 

X-ray crystal structure analysis of 3oa (210625A_auto) 

210625A_auto 

Table S5 Crystal data and structure refinement for 210625A_auto. 

Identification code 210625A_auto 

Empirical formula C32H24O4S 

Formula weight 504.57 

Temperature/K 293(2) 

Crystal system triclinic 

Space group P-1 

a/Å 10.4684(3) 

b/Å 10.4701(3) 

c/Å 12.0220(3) 

α/° 102.237(2) 

β/° 93.776(2) 

γ/° 97.639(2) 

Volume/Å3 1270.28(6) 

Z 2 

ρcalcg/cm3 1.319 

μ/mm-1 1.429 
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F(000) 528.0 

Crystal size/mm3 0.06 × 0.06 × 0.05 

Radiation Cu Kα (λ = 1.54184) 

2Θ range for data collection/° 7.56 to 134.118 

Index ranges -12 ≤ h ≤ 12, -12 ≤ k ≤ 12, -14 ≤ l ≤ 14 

Reflections collected 35351 

Independent reflections 4536 [Rint = 0.0660, Rsigma = 0.0400] 

Data/restraints/parameters 4536/24/353 

Goodness-of-fit on F2 1.046 

Final R indexes [I>=2σ (I)] R1 = 0.0447, wR2 = 0.1198 

Final R indexes [all data] R1 = 0.0592, wR2 = 0.1293 

Largest diff. peak/hole / e Å-3 0.28/-0.38 

 

Table S6 Fractional Atomic Coordinates (×104) and Equivalent Isotropic 

Displacement Parameters (Å2×103) for 210625A_auto. Ueq is defined as 1/3 of of 

the trace of the orthogonalised UIJ tensor. 

Atom x y z U(eq) 

S1 4962(13) 1951(14) 1144(11) 80.7(19) 

S1A 4753(3) 1786(2) 931(2) 63.6(4) 

O1 7654.1(13) 8847.4(13) 4023.7(11) 52.0(3) 

O2 4109.6(16) 11288.0(15) 3486.3(14) 67.3(4) 

O3 2612.6(15) 9370.2(17) 2993.6(16) 75.5(5) 

O4 8025.8(14) 5595.2(14) 830.5(11) 56.1(4) 

C1 5501.8(18) 7766.5(18) 3341.7(14) 44.1(4) 

C2 8648.4(19) 9853(2) 2591.8(19) 54.6(5) 

C3 5986(2) 3364(2) -113.4(18) 64.9(6) 

C4 7000.5(18) 6330.6(18) 2366.5(15) 45.2(4) 

C5 5215(18) 2243(13) -390(11) 50.3(18) 

C5A 5172(16) 2027(11) -203(10) 47(2) 

C6 6379.3(19) 8935.1(19) 3687.6(15) 45.8(4) 
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C7 9384(2) 11005(2) 3231(2) 73.6(7) 

C8 4187.1(19) 7837.5(19) 3114.3(16) 48.6(4) 

C9 5639(2) 3247(2) 1733.2(17) 55.3(5) 

C10 6345.7(19) 6127.5(19) 4336.2(16) 48.1(4) 

C11 8583(2) 4859(2) 7827(2) 64.7(6) 

C12 7685.0(19) 5234.6(19) 5700.3(16) 47.6(4) 

C13 8029(2) 9884(2) 1552(2) 69.1(6) 

C14 5970.0(18) 6434.0(18) 3192.2(15) 45.2(4) 

C15 8847(3) 12175(3) 1809(4) 92.4(10) 

C16 7026(2) 5293(2) 1475.8(15) 49.1(5) 

C17 8491.4(19) 8644(2) 3101.7(17) 52.0(5) 

C18 4724(2) 10200.5(19) 3500.9(16) 50.5(5) 

C19 8615(2) 4431(2) 5796.1(19) 58.5(5) 

C20 8049.0(19) 7336.0(19) 2281.0(16) 47.7(4) 

C21 7645(2) 5640(2) 7750.3(18) 59.7(5) 

C22 7296(2) 5501(2) 4575.6(16) 51.4(5) 

C23 9059(2) 4246(2) 6854(2) 65.8(6) 

C24 7193(2) 5823(2) 6698.8(16) 52.4(5) 

C25 2771(2) 10780(2) 3215(2) 68.5(6) 

C26 6235(2) 4004.5(19) 1060.6(16) 50.0(4) 

C27 9745(2) 7380(3) 781(2) 69.9(6) 

C28 6003(2) 10181.0(19) 3767.3(16) 50.1(5) 

C29 8128(3) 11053(3) 1159(3) 86.4(8) 

C30 8634(2) 6845(2) 1342.7(17) 54.1(5) 

C31 9479(3) 12165(3) 2837(3) 91.9(10) 

C32 3830.6(19) 9064(2) 3199.5(16) 50.8(5) 

  

Table S7 Anisotropic Displacement Parameters (Å2×103) for 210625A_auto. The 

Anisotropic displacement factor exponent takes the form: -

2π2[h2a*2U11+2hka*b*U12+…]. 
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Atom U11 U22 U33 U23 U13 U12 

S1 92(4) 75(3) 64(3) 3(3) 11(3) -4(3) 

S1A 76.1(9) 49.8(7) 56.7(9) 2.0(6) 11.8(6) -6.2(5) 

O1 55.8(8) 52.7(8) 44.0(7) 6.6(6) 1.3(6) 3.8(6) 

O2 77.0(10) 49.7(9) 80.5(10) 15.1(7) 18.0(8) 22.5(8) 

O3 60.3(9) 63.0(10) 103.8(13) 14.4(9) 6.2(8) 19.3(8) 

O4 71.9(9) 52.5(8) 43.8(7) 9.5(6) 16.8(6) 5.7(7) 

C1 55.4(11) 40.8(10) 35.7(9) 6.9(7) 6.1(7) 7.1(8) 

C2 44.5(10) 50.2(12) 67.8(13) 11.8(10) 13.2(9) 0.9(8) 

C3 89.4(15) 58.0(13) 43.1(10) 9.0(9) 9.4(10) -1.5(11) 

C4 55.2(11) 43.3(10) 38.4(9) 11.1(8) 6.2(8) 8.4(8) 

C5 80(3) 49(4) 23(3) 18(3) 13(2) -7(3) 

C5A 73(3) 31(4) 31(5) 10(3) 2(3) -12(3) 

C6 54.9(11) 44.0(11) 37.2(9) 7.3(8) 5.4(8) 5.1(8) 

C7 66.5(14) 62.4(15) 82.4(16) 1.9(12) 21.3(12) -8.9(11) 

C8 54.8(11) 43.9(11) 46.0(10) 8.1(8) 7.8(8) 5.3(8) 

C9 69.4(12) 50.6(11) 45.0(10) 7.2(8) 11.5(9) 8.6(9) 

C10 59.9(11) 42.8(11) 43.9(10) 11.6(8) 13.7(8) 8.4(9) 

C11 73.7(14) 65.3(14) 56.4(12) 22.7(11) -1.9(10) 4.7(11) 

C12 52.4(10) 43.7(10) 47.8(10) 12.8(8) 9.8(8) 4.1(8) 

C13 61.1(13) 62.7(15) 86.2(16) 28.1(12) 6.0(12) 1.1(11) 

C14 51.3(10) 39.2(10) 43.9(10) 8.1(8) 6.3(8) 4.1(8) 

C15 92(2) 62.2(18) 138(3) 39.6(19) 59(2) 13.1(15) 

C16 62.3(12) 48.4(11) 39.3(9) 13.0(8) 11.4(8) 9.8(9) 

C17 48.7(10) 53.2(12) 51.1(11) 7.4(9) 2.9(8) 5.0(9) 

C18 69.4(13) 42.7(11) 43.4(10) 10.3(8) 16.1(9) 15.7(9) 

C19 61.3(12) 58.8(13) 60.5(12) 16.4(10) 16.4(10) 17.3(10) 

C20 54.3(11) 45.4(11) 44.6(10) 13.2(8) 4.7(8) 6.3(8) 

C21 75.9(14) 55.5(13) 48.5(11) 13.7(9) 9.7(10) 7.5(11) 

C22 59.3(12) 52.5(12) 45.5(10) 12.4(9) 15.6(8) 12.3(9) 

C23 64.0(13) 65.0(14) 74.6(15) 24.9(12) 3.3(11) 18.1(11) 
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C24 61.1(12) 48.3(11) 50.9(11) 14.6(9) 11.5(9) 10.1(9) 

C25 74.0(15) 65.1(15) 75.4(15) 21.0(12) 18.0(12) 28.9(12) 

C26 64.9(11) 43.7(10) 41.3(9) 6.9(8) 8.9(8) 10.3(8) 

C27 74.4(15) 72.1(16) 66.3(14) 19.7(12) 25.2(11) 5.8(12) 

C28 62.7(12) 41.5(11) 44.2(10) 5.4(8) 12.5(8) 3.8(9) 

C29 76.5(17) 88(2) 113(2) 54.6(18) 23.8(15) 17.6(15) 

C30 64.3(12) 49.9(12) 47.9(11) 13.0(9) 9.0(9) 3.1(9) 

C31 97(2) 51.9(16) 119(3) 3.5(15) 51.3(19) -13.8(14) 

C32 53.9(11) 53.2(12) 47.1(10) 10.3(9) 9.9(8) 13.2(9) 

 

Table S8 Bond Lengths for 210625A_auto. 

Atom Atom Length/Å   Atom Atom Length/Å 

S1 C5 1.961(17)   C4 C20 1.441(3) 

S1 C9 1.455(11)   C6 C28 1.398(3) 

S1A C5A 1.520(11)   C7 C31 1.388(4) 

S1A C9 1.735(3)   C8 C32 1.369(3) 

O1 C6 1.389(2)   C9 C26 1.371(3) 

O1 C17 1.456(2)   C10 C14 1.516(3) 

O2 C18 1.383(2)   C10 C22 1.311(3) 

O2 C25 1.422(3)   C11 C21 1.369(3) 

O3 C25 1.428(3)   C11 C23 1.368(3) 

O3 C32 1.375(2)   C12 C19 1.384(3) 

O4 C16 1.386(2)   C12 C22 1.480(3) 

O4 C30 1.372(3)   C12 C24 1.392(3) 

C1 C6 1.396(3)   C13 C29 1.396(4) 

C1 C8 1.400(3)   C15 C29 1.362(5) 

C1 C14 1.519(3)   C15 C31 1.365(5) 

C2 C7 1.386(3)   C16 C26 1.455(3) 

C2 C13 1.378(3)   C17 C20 1.504(3) 

C2 C17 1.513(3)   C18 C28 1.360(3) 
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C3 C5 1.298(14)   C18 C32 1.378(3) 

C3 C5A 1.517(11)   C19 C23 1.386(3) 

C3 C26 1.419(3)   C20 C30 1.357(3) 

C4 C14 1.512(2)   C21 C24 1.381(3) 

C4 C16 1.359(3)   C27 C30 1.487(3) 

  

Table S9 Bond Angles for 210625A_auto. 

Atom Atom Atom Angle/˚   Atom Atom Atom Angle/˚ 

C9 S1 C5 94.5(9)   C4 C14 C10 114.81(15) 

C5A S1A C9 94.2(5)   C10 C14 C1 111.45(15) 

C6 O1 C17 115.19(14)   C29 C15 C31 120.7(3) 

C18 O2 C25 105.61(17)   O4 C16 C26 115.87(16) 

C32 O3 C25 105.46(18)   C4 C16 O4 109.64(17) 

C30 O4 C16 107.07(15)   C4 C16 C26 134.46(18) 

C6 C1 C8 119.20(17)   O1 C17 C2 109.31(16) 

C6 C1 C14 120.43(17)   O1 C17 C20 110.93(16) 

C8 C1 C14 120.36(17)   C20 C17 C2 116.56(17) 

C7 C2 C17 118.5(2)   C28 C18 O2 127.96(19) 

C13 C2 C7 118.4(2)   C28 C18 C32 122.40(18) 

C13 C2 C17 123.03(19)   C32 C18 O2 109.64(18) 

C5 C3 C26 118.3(6)   C12 C19 C23 120.9(2) 

C26 C3 C5A 108.2(5)   C4 C20 C17 127.70(16) 

C16 C4 C14 125.39(18)   C30 C20 C4 106.73(17) 

C16 C4 C20 106.52(16)   C30 C20 C17 125.45(18) 

C20 C4 C14 127.77(16)   C11 C21 C24 120.3(2) 

C3 C5 S1 99.4(9)   C10 C22 C12 126.65(17) 

C3 C5A S1A 114.1(8)   C11 C23 C19 120.4(2) 

O1 C6 C1 118.25(16)   C21 C24 C12 121.1(2) 

O1 C6 C28 119.30(17)   O2 C25 O3 108.92(17) 

C1 C6 C28 122.35(18)   C3 C26 C16 123.67(18) 
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C2 C7 C31 120.6(3)   C9 C26 C3 110.97(19) 

C32 C8 C1 117.82(19)   C9 C26 C16 125.35(17) 

C26 C9 S1 116.2(6)   C18 C28 C6 116.37(19) 

C26 C9 S1A 112.17(18)   C15 C29 C13 119.7(3) 

C22 C10 C14 126.69(17)   O4 C30 C27 116.29(18) 

C23 C11 C21 119.6(2)   C20 C30 O4 110.03(17) 

C19 C12 C22 120.10(17)   C20 C30 C27 133.7(2) 

C19 C12 C24 117.62(18)   C15 C31 C7 119.9(3) 

C24 C12 C22 122.20(18)   O3 C32 C18 110.23(18) 

C2 C13 C29 120.8(3)   C8 C32 O3 128.0(2) 

C4 C14 C1 110.72(15)   C8 C32 C18 121.77(19) 

 

Table S10 Torsion Angles for 210625A_auto. 

A B C D Angle/˚   A B C D Angle/˚ 

S1 C9 C26 C3 3.6(7)   C14 C1 C6 C28 175.92(16) 

S1 C9 C26 C16 -176.2(7)   C14 C1 C8 C32 -176.28(16) 

S1A C9 C26 C3 -1.4(3)   C14 C4 C16 O4 173.49(16) 

S1A C9 C26 C16 178.80(19)   C14 C4 C16 C26 -4.5(3) 

O1 C6 C28 C18 -175.56(15)   C14 C4 C20 C17 10.5(3) 

O1 C17 C20 C4 -3.5(3)   C14 C4 C20 C30 -173.43(18) 

O1 C17 C20 C30 -178.93(18)   C14 C10 C22 C12 178.17(19) 

O2 C18 C28 C6 -178.52(17)   C16 O4 C30 C20 -0.2(2) 

O2 C18 C32 O3 -0.7(2)   C16 O4 C30 C27 -179.56(18) 

O2 C18 C32 C8 178.12(17)   C16 C4 C14 C1 -131.93(19) 

O4 C16 C26 C3 -31.3(3)   C16 C4 C14 C10 100.8(2) 

O4 C16 C26 C9 148.4(2)   C16 C4 C20 C17 -175.74(19) 

C1 C6 C28 C18 0.7(3)   C16 C4 C20 C30 0.4(2) 

C1 C8 C32 O3 178.46(18)   C17 O1 C6 C1 86.7(2) 

C1 C8 C32 C18 -0.1(3)   C17 O1 C6 C28 -96.85(19) 

C2 C7 C31 C15 -0.1(4)   C17 C2 C7 C31 -175.3(2) 
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C2 C13 C29 C15 0.2(4)   C17 C2 C13 C29 175.0(2) 

C2 C17 C20 C4 -129.5(2)   C17 C20 C30 O4 176.12(17) 

C2 C17 C20 C30 55.1(3)   C17 C20 C30 C27 -4.7(4) 

C4 C16 C26 C3 146.6(2)   C18 O2 C25 O3 -3.9(2) 

C4 C16 C26 C9 -33.7(4)   C19 C12 C22 C10 172.7(2) 

C4 C20 C30 O4 -0.1(2)   C19 C12 C24 C21 1.8(3) 

C4 C20 C30 C27 179.1(2)   C20 C4 C14 C1 40.8(2) 

C5 S1 C9 C26 -6.3(10)   C20 C4 C14 C10 -86.5(2) 

C5 C3 C26 C9 3.5(9)   C20 C4 C16 O4 -0.5(2) 

C5 C3 C26 C16 -176.7(9)   C20 C4 C16 C26 -178.5(2) 

C5A S1A C9 C26 4.0(6)   C21 C11 C23 C19 1.2(4) 

C5A C3 C26 C9 -1.9(7)   C22 C10 C14 C1 -144.3(2) 

C5A C3 C26 C16 177.9(7)   C22 C10 C14 C4 -17.4(3) 

C6 O1 C17 C2 65.9(2)   C22 C12 C19 C23 175.3(2) 

C6 O1 C17 C20 -64.0(2)   C22 C12 C24 C21 -174.91(19) 

C6 C1 C8 C32 2.6(3)   C23 C11 C21 C24 -0.9(3) 

C6 C1 C14 C4 -55.7(2)   C24 C12 C19 C23 -1.5(3) 

C6 C1 C14 C10 73.4(2)   C24 C12 C22 C10 -10.7(3) 

C7 C2 C13 C29 -0.8(3)   C25 O2 C18 C28 -176.9(2) 

C7 C2 C17 O1 71.1(2)   C25 O2 C18 C32 2.8(2) 

C7 C2 C17 C20 -162.10(19)   C25 O3 C32 C8 179.6(2) 

C8 C1 C6 O1 173.38(15)   C25 O3 C32 C18 -1.7(2) 

C8 C1 C6 C28 -2.9(3)   C26 C3 C5 S1 -6.7(12) 

C8 C1 C14 C4 123.14(18)   C26 C3 C5A S1A 5.0(12) 

C8 C1 C14 C10 -107.76(19)   C28 C18 C32 O3 179.01(17) 

C9 S1A C5A C3 -5.0(10)   C28 C18 C32 C8 -2.2(3) 

C11 C21 C24 C12 -0.7(3)   C29 C15 C31 C7 -0.5(4) 

C12 C19 C23 C11 0.0(4)   C30 O4 C16 C4 0.4(2) 

C13 C2 C7 C31 0.7(3)   C30 O4 C16 C26 178.85(16) 

C13 C2 C17 O1 -104.7(2)   C31 C15 C29 C13 0.4(4) 

C13 C2 C17 C20 22.1(3)   C32 O3 C25 O2 3.4(2) 



S47 

 

C14 C1 C6 O1 -7.8(2)   C32 C18 C28 C6 1.8(3) 

 

Table S11 Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement 

Parameters (Å2×103) for 210625A_auto. 

Atom x y z U(eq) 

H3A 6366.1 3736.71 -671.03 78 

H3B 6272.73 3703.81 -722.93 78 

H5 4881.17 1730.13 -1104.9 60 

H5A 4949.65 1409.65 -891.18 56 

H7 9816.88 11001.79 3930.89 88 

H8 3576.07 7076.58 2911.96 58 

H9A 5665.25 3545.45 2521.42 66 

H9B 5701.97 3488.94 2527.48 66 

H10 5851.26 6413.4 4929.04 58 

H11 8895.05 4746.05 8536.75 78 

H13 7540.74 9117.82 1106.78 83 

H14 5228.23 5768.54 2831.17 54 

H15 8907.21 12955.07 1550.27 111 

H17 9348.01 8592.9 3455.77 62 

H19 8947.7 4008.57 5141.67 70 

H21 7310.51 6048.12 8408.86 72 

H22 7774.76 5191.95 3977.22 62 

H23 9684.79 3702.46 6903.18 79 

H24 6548.59 6347.3 6656.88 63 

H25A 2440.71 11058.87 2546.31 82 

H25B 2290.12 11115.58 3848.02 82 

H27A 10153.2 6665.46 396.8 105 

H27B 10359.08 7973.83 1348.97 105 

H27C 9438.39 7847.55 236.12 105 

H28 6595.67 10954.56 3990.3 60 
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H29 7704.15 11065.52 457.99 104 

H31 9973.81 12934.52 3271.81 110 

 

Table S12 Atomic Occupancy for 210625A_auto. 

Atom Occupancy   Atom Occupancy   Atom Occupancy 

S1 0.2   S1A 0.8   H3A 0.5 

H3B 0.5   C5 0.5   H5 0.5 

C5A 0.5   H5A 0.5   H9A 0.5 

H9B 0.5            

Experimental 

Single crystals of C32H24O4S [210625A_auto] were crystallized from diethyl ether and 

n-hexane. A suitable crystal was selected on a diffractometer. The crystal was kept at 

293(2) K during data collection. Using Olex2 [1], the structure was solved with the 

Unknown [2] structure solution program using Unknown and refined with the 

Unknown [3] refinement package using Unknown minimisation. 

Crystal structure determination of [210625A_auto] 

Crystal Data for C32H24O4S (M =504.57 g/mol): triclinic, space group P-1 (no. 2), a = 

10.4684(3) Å, b = 10.4701(3) Å, c =12.0220(3) Å, α =102.237(2)°, β = 93.776(2)°, γ = 

97.639(2)°, V = 1270.28(6) Å3, Z = 2, T = 293(2) K, μ(Cu Kα) = 1.429 mm-1, Dcalc = 

1.319 g/cm3, 35351 reflections measured (7.56° ≤ 2Θ ≤ 134.118°), 4536 unique (Rint = 

0.0660, Rsigma = 0.0400) which were used in all calculations. The final R1 was 0.0447 

(I > 2σ(I)) and wR2 was 0.1293 (all data). 
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7. NMR Spectra 
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NOESY spectrum of 4a in CDCl3 

 

NOESY spectrum of 4b in CDCl3 
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HSQC spectrum of 5 in CDCl3 

 

 

NOESY spectrum of 5 in CDCl3 
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8. Copies of HPLC Chromatographs. 
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HPLC chromatograph of 3ja on large-scale synthesis 
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HPLC chromatograph of 3aj on large-scale synthesis 

 

 

 

 

 

 

 


